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(57) A catalyst component for olefin polymerization, 
which comprises an ion-exchange layered silicate hav- 
ing the following features 1 and 2: 

feature 1 : in a pore size distribution curve calculated 
from desorption isotherm by nitrogen adsorption- 
desorption method, a pore diameter D^ showing a 
maximum peak intensity D^m is from 60 to 200 A; 
and 

feature 2: In a pore size distribution curve calculated 
from desorption isotherm by nitrogen adsorption- 



desorption method, a pore diameter D^^/g (A) on 
the smaller pore size side corresponding to a 1/2 
peak intensity of the maximum peak intensity 0^,^, 
has a relation of 0^1/2^0^ of at least 0.65 and less 
than 1 , provided that the largest value is employed 
when there are a plurality of D^^g values. 
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Description 

TECHNICAL FIELD 

5 - [0001] " The present invention relates to a catalyst component for olefin polymerization, a catalyst and a process for 
producing poiyoicf m using said catalyst. Particularly, the present invention provides an olefin polymerization catalyst 
hrtvirg a hi;3h activrty and having an ability of stably producing polyofefin without fouling on a polymerization reactor 
wall and the like by using an ion-exchange layered silicate having a specific structure. Further, the present invention 
provi:Jcs h pfepoiymcrizalion catalyst homogeneously prepolymerized, which has excellent powder properties and 

10 docs no: produce a residue of the catalyst leading to degradation of an outer appearance of a product. 

BACKG=^QUND ART 

[0002] A Tiocaii^ceno catalyst for olefin polymerization comprises a metallocene complex and a cocatalyst activating 
15 the mciaiiocorc cxyrrpicx As the above cocatalyst, various compounds such as methyl aluminoxane, boron type com- 
pounds or me u^c have Dccn proposed. In the production of polyolefin using a specific process, it is required to have 
a meiaMoccnc caiMiysi supported on a carrier in view of process properties and handling properties of polymer particles 
produced tncrct'om s*r>cc a mciallocene catalyst used by combining well known methyl aluminoxane and boron type 
compouna:> tb soUDk* ir rin organic solvent, it is used by being supported on an inorganic carrier such as silica 
20 or an or gar h. ctf hoi 2»uJti rtn organic polymer. . 

[0003] Also rt coc-*t/*iys: oincr than these cocatalysts has been reported. EP511665 discloses an example of pro- 
ducing an oici n p-oiymcf t>y using clay or clay mineral as an olefin polymerization catalyst component and combining 
it with a mct«iiioccnc c*it»«»vsi In this catalyst system, the carrier is characterized by having a function of a cocatalyst 
activating the Txrt. iii >::cno c.iiaiyst. Also, it is reported that an olefin polymerization activity is improved by using an 
25 ion-exchanpo layered compound treated by an acid, a salt or a combination with an acid and a salt as a catalyst 
component (£^6831 80 1 

[0004] On the otncf hand it has been proposed to carry out prepolymerization for purposes of improving powder 
properties of h pofymcr ot>iancd. preventing fouling of a polymerization reactor or preventing occlusion in a line of 
transporting h po*y*wr aMer iho polymerization reactor (JP-A-5-295022). 

30 [0005] However the above techniques must have been further improved, and it has been difficult to prevent produc- 
tion of fine polymer panclos or agglomeration of polymer particles during polymerization. Particularly, in production of 
a low melting po»ni polymer, these phenomena have been remarkably caused and there have been serious problems 
that an industrial sch c pfocuciion plant could not be operated continuously and stably for a long time. Further, according 
to the methods Oisciosed in tnese publications, a polymerization activity per solid catalyst component is not always 

35 satisfactory, and development of a catalyst satisfying both a polymerization activity and an operation stability has been 
demanded. 

[0006] A first object of the present invention is to provide a catalyst system producing satisfactory polymer particle 
properties and particularly to provide a catalyst system satisfying both a high activity and satisfactory polymer particle 
properties. More pan cuiarfy. in production of a low melting point polymer, it is demanded to satisfy the above require- 
40 ments. 

[0007] A second ob|Cct of the present invention is to provide a catalyst system able to carry out a stable polymerization 
of a low melting pomt polymer. Generally, when polymerization is supported out by using the same catalyst under the 
same polymcryation temperature conditions, powder properties are degraded as a melting point of a polymer produced 
becomes lower and thcf cforc there is a lower limit to a melting point of a polymer allowable to be industrially produced. 
45 The present inverition is to provide a catalyst system capable of lowering this lower limit of a melting point of a polymer 
allowable to be procjuced 

[0008] A third oL>|c'ci Df Uic piesenl invention is to provide a catalyst having a high upper limit to a polymerization 
temperature. When poi/meni?alion is carried out by using the same catalyst under such a polymerization conditions 
as to produce a polymer having the same melting point, particle properties of a polymer having a higher polymerization 
so temperature arc degraded, and therefore there is an upper limit to a polymerization temperature allowable to be in- 
dustrially used. Tne present invention is to provide a catalyst system capable of improving this upper limit of a polym- 
erization temperature industrially usable. 

[0009] A fourth ob,>cct of the present invention is to provide a prepolymerization catalyst homogeneously prepolym- 
erized so as to reduce a residue of a catalyst leading to degradation of an outer appearance of a product. 

55 

DISCLOSURE THF INVFNTIQN 

[0010] The present inventors have variously studied, and have discovered that the above problems can be solved 
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by using an inorganic silicate having a specific structure as a catalyst component for olefin polynnerization. The present 
invention has been accomplished on the basis of this discovery. 

[0011] That is, the present invention employs an ion-exchange layered silicate having the following properties as a 
carrier: 

5 

(a) having a specific pore size distribution; and 

(b) having a carrier strength within a specific range. 

[0012] Such a carrier as having these physical properties may be a material occurring in nature as far as having 
10 these properties (a naturally occurring material having these properties as it is has not been found by the present 
inventors up to now) or a material treated so specifically as to have these properties. 
[0013] Examples of such treatments as to provide the aimed physical properties include: 

(a) a chemical treatment illustrated below (particularly acid treatment) so as to be carried out under specific con- 
15 aitions to provide a specific pore size distribution; 

(o) a granulation treatment carried out under specific conditions to provide a specific carrier strength; and 
(C) a treatment with a specific organic aluminum compound. A more satisfactory effect can be expected by com- 
bining these treatments. 

*o [0014] Another means for achieving the above-mentioned objects of the present invention is to use a^prepolymeri- 
/rition CHiayst having a specific structure for main polymerization. The specific structure means a structure wherein 
rtcirvc precursor sites of a metallocene catalyst are uniformly dispersed within a particle of a prepoiymerization catalyst. 
Since trie mcifiHocene catalyst has a high polymerization activity; it is important to efficiently remove reaction heat 
gcncr.itcd by polymerization. If the active precursor sites of the metallocene catalyst are not uniformly dispersed, heat 
i£ not satisUctonly removed at the part and a temperature is locally raised. As this result, there are caused problems 
\t\fi\ H produced polymer is dissolved in a solvent, that a produced polymer is melted or polymer particles are agglom- 
erated to CHCh other and that a produced polymer is adhered to a reactor wall. 

[001 S] In !hr present invention, it has been intensively studied as to how uniformly the active precursor sites should 
be dispersed n order to prevent the above-mentioned problems, and it has been discovered that it is possible to 
X obsc-vc a. dispersion state of active precursor sites of a metallocene catalyst in a particle by means of fluorescent 
analysis According to the present invention, the above problems can be solved if an index showing a uniform dispers- 
ibtlity {prep*Diymcrjzation homogenization index: H-value) is within a specific range. 
[0016] Examples of means for making H-value within a specific range in the present invention include: 

J5 (a) to use an lon-exchange layered silicate having the above-mentioned specific structure; and 

{D) to use specific prepoiymerization conditions. A more satisfactory effect can be achieved by combining these, 
cpc^ations 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0017] 



Fig 1 iilusiraios a pore size distribution curve of an ion-exchange layered silicate used in Example 1 . 
Fig. 2 Illustrates a pore size distribution curve of an ion-exchange layered silicate used in Example 2. 
Fig. 3 Illustrates a pore size distribution curve of an ion-exchange layered silicate used in Comparative Example 1 . 
Fig. 4 iilusiraios prepoiymerization activity patterns of Example 5. Example 9 and Comparative Example 3. 
Fig. 5 iiluslraies various slates of prepoiymerization activity patterns. 

EXPLANATION OF MARKS 

[0018] DvM represents a maximum peak intensity, D^ represents a pore size diameter showing a maximum peak 
intensity, and 0^yf2 represents a pore size diameter on the smaller diameter side corresponding to a point, the peak 
intensity of which is 1/2 of the maximum peak intensity. 

55 BEST MODE FOR CARRYING OUT THE INVENTION 

[0019] Hereinafter, the present invention is described in more details. 
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(Catalyst component for olefin polymerization) 

(1) Physical properties of carrier 

-5 [0020] A-catalyst component for olefin polymerization of the present invention employs an ion-exchange layered 
silicate having the following features 1 and 2: 

feature 1 : in a pore size distribution curve calculated from desorption isotherm by nitrogen adsorption-desorption 
method, a pore diameter showing a maximum peak intensity 0^,^ is from 60 to 200 A; and 
10 feature 2: in a pore size distribution curve calculated from desorption isotherm by nitrogen adsorption-desorption 

method, a pore diameter D^,!^ (A) on the smaller pore size side corresponding to a 1/2 peak intensity of the 
maximum peak intensity D^m has a relation of D^^yg^^ of at least 0.65 and less than 1 (the largest value is 
employed when there are a plurality of values). 

15 Nitrogen adsofption-desorption method 

[0021] Measurement of adsorption-desorption isotherm by nitrogen adsorption-desorption method Is explained here- 
inafter. A nitrogen gas is used for this measurement. When evaluating a pore size distribution, a nitrogen gas is used 
since it has salisfaclory properties as a general adsorption gas. 

20 [0022] The evaluation of the pore size distribution in the present invention employs desorption isotherm. The des- 
orption isotherm is a curve obtained while reducing a relative pressure. The desorption isotherm shows a lower relative 
pressure to the same desorpted gas amount as compared with adsorption isotherm, and consequently shows a lower 
free energy state; and is generally considered to be closer to a state of real thermodynamical stability. 
[0023] Examples of the above analyzing apparatus include commercially available products such as Autosorb of 

25 Quanta Chrome Company. Belsorp, of Nippon Bell Co. or Omnisorp of Coulter Inc. or the like. The present invention 
employs BJH method most general as a calculation method of pore size distribution. 

[0024] An example of a measuring method is illustrated below. The measurement is carried out at a temperature of 
77K under a relative pressure P/Pq {Po=atmospheric pressure) of from 0.02 to 1 . In accordance with the BJH method, 
pore diameters (unit: A) are expressed by the axis of abscissas and differential values of pore volumes (unit: cm^/g) 
30 are expressed by the axis of ordinales. It is sufficient that the measurement time is generally one time. 

Pore size distribution 

[0025] Dm represents a pore diameter corresponding to the maximum value of values of ordinate (differential values 
35 of pore volumes), and is generally expressed as "most frequently appearing pore diameter". Fig. 1 illustrates an example 
of a graph showing pore size distribution. With regard to the pore size distribution curve of Fig. 1 (Example 1 ), a pore 
diameter of 101 A corresponds to the most frequently appearing pore diameter, i.e. a pore diameter appearing in the 
highest proportion among all pore volumes. The ordinate value of D^, is the maximum peak intensity- Dy^- ^^P' 
resents a pore diameter corresponding to a point on the smaller diameter side showing a half value of the maximum 
40 value of ordinate. In Fig, 1 . a pore diameter of 77 A corresponds to D^^^. That is, a D^^yg^D^ ratio is.taken as a 
measure of distribution based on the smaller pore side, and this value becomes smaller if the distribution is narrower. 
In Fig. 1 . D^^^D^ is 77/1 01 =0.76. Also, depending on shapes of pore size distribution curves, there is a case in which 
there are a plurality oi Dr„i/2 values, and in such a case, the largest value is decided to be the Dj„i/2 value. 
[0026] A pore diameter size showing the maximum peak intensity (generally referred to as "most frequently appearing 
45 pore diameter) is in a range of from 60 to 200 A. preferably from 70 to 1 90 A, more preferably from 80 to 1 80 A. If the 
pore diameter showing the maximum peak intensity D^m exceeds 200 A, a carrier strength is lowered, and properties 
of polymer particles become unpreferably poor. 

[0027] On the other hand, if the value is less than 60 A, uniform activation of a catalyst and uniform growth of 
polymer particles are hardly achieved and agglomeration of polymer particles or deposition of polymer particles on a 
50 reactor are caused. 

[0028] A pore diameter present at least one respectively on both sides of D^,, i.e. on the larger diameter 

side of and on the smaller diameter side of D^, but a value on the smaller diameter side is taken as the O^^^^ value 
in the present invention. Also, if there are a plurality of 0^^f2 values on the smaller diameter side, the largest value is 
employed for calculation. A D^^^g^D^ value is preferably at least 0.68, more preferably at least 0.70, If the D^^^D^ 
55 value is less than 0.68, it is not preferable since a considerable amount of small size pores are contained. 

[0029] By using an ion-exchange layered silicate having the above "feature V and "feature 2" for an olefin polymer- 
ization catalyst component (cocatalyst) as an activating agent for a metallocene complex, the following function mech- 
anism is considered to work. Thus, the ion-exchange layered silicate has a predetermined size pore, but its pore size 
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is sufficiently large to a metallocene complex, an organic aluminum compound and a monomer. Accordingly, these 
compounds participating in the reaction easily enter into pores in respective stages of formation of a catalyst, activation, 
prepolymerization and polymerization, and complexes are highly dispersed in carriers, and consequently metallocene 
catalyst active sites are uniformly formed. 

^ [0030] Further, it is very important for uniform growth of catalyst particles to have carriers dispersed in a form of fine 
particles along with growth of polymer particles, and carriers having such a specific pore size distribution as defined 
in the present invention are considered to achieve this effect. In the polymerization reaction, such a catalyst inhibits 
local heat generation on the catalyst as compared with a conventional catalyst. Particularly when producing an easily 
meltable or soluble polymer, it is possible to carry out a highly active polymerization in a state of maintaining satisfactory 

10 particles, e.g. in a propylene type low melting point random polymerization, which could not be conventionally achieved. 

Carrier strength 

[0031] In the present invention, it is preferable to maintain a carrier strength of an ion-exchange layered silicate within 
15 a predetermined range. Thus, it is preferable to satisfy the following "feature 3". 

[0032] Feature 3: an average crushing strength of an ion-exchange layered silicate measured by a minute compres- 
sion tester is at least 3 MPa. 

[0033] If the carrier strength is too low, catalyst powder and polymer particles are easily crushed to produce fine 
powders which degrade Mowing properties and adhesive properties and lower a bulk density. Accordingly, in the present 
20 invention, it is important that an average crushing strength of a carrier should be at least 3 MPa. Preferably, the average 
crushing strength is at least 5 MPa, more preferably at least 7 MPa. 

[0034] On the other hand, if the carrier strength is too high, particle growth during prepolymerization or polymerization 
becomes ununiform and there is a fear of producing fine powders. Accordingly, the upper limit of the carrier strength 
is preferably an average cmshing strength of at most 20 MPa, more preferably at most 18 MPa. Even when prepolym- 
25 erization is carried out, the upper limit and the lower limit of an average crushing strength are adjusted in the same 
manner as above, and are effectively in a range of from 3 to 1 8 MPa. 

[0035] The ion-exchange layered silicate of the present invention preferably has the feature 3 in addition to the above 
feature 1 and feature 2. but further has the following features (feature 4 is described hereinafter). 
[0036] Feature 5: in a pore size distribution curve calculated from desorption isotherm by nitrogen adsorption-des- 
30 orption method, a pore diameter D^-i,^ on the smaller pore size side corresponding to a 1/3 peak intensity of the 
maximum peak intensity Dvm has a relation of D^^y^^D^ of at least 0.55 and less than 1 (provided that if there are a 
plurality of D,^,^ values, the largest value is employed for 0^^1/3). 

[0037] Such a pore diameter D^^,/3 value is present respectively on both sides of D„, i.e. at least one on the larger 
diameter side of D„ and at least one on the smaller diameter side of D^, but in the present invention, a value on the 
35 smaller diameter side is defined as D„i/3. Also, when there are a plurality of values on the smaller diameter side, 
the largest value is employed for calculation. A Oj^y^D^^ value is preferably at least 0.56, more preferably at least 
0.57. If the Dn,^^/Dn, value is less than 0.56. a considerable amount of smaller diameter pores are contained, such 
being unpreferable. 

[0038] Feature 6: a pore size distribution calculated from desorption isothemi by nitrogen adsorption-desorption 
40 method has substantially unimodal peak. 

[0039] That is, there is not present a second peak, and if it is present, its intensity is at most 50%, preferably at most 
40%, particularly at most 30% of a maximum peak intensity D^m- 
[0040] Feature 7: BET surface area is from 150 to 250 m^/g. 

[0041] The surface area controls a site capable of being an active site, and has a possibility of preventing fusion, 
45 and an ion-exchange layered silicate having a BET surface area value within this range Is preferable. 

[0042] Feature 8: a pore volume is from 0.2 to 2.0 cm^/g, preferably from 0.25 to 1 .8 cm^/g, more preferably from 
0.3 to 1.5 cm3/g. 

[0043] Feature 9; in a pore size distribution curve calculated from desorption isotherm by nitrogen adsorption-des- 
orption method, wherein a peak intensity at a pore diameter of 50 A is defined as D^soA' ^vsoa^vm 's at least 0.01 
50 and at most 0.40, preferably at least 0.03 and at most 0.38, more preferably at least 0.05 and at most 0.36. 

[0044] If the DysoA^Dviyi value exceeds 0.38, a considerable amount of smaller diameter pores are contained, such 
being unpreferable. 



55 



(2) Ion-exchange layered silicate 

[0045] In the present invention, an ion-exchange layered silicate used as a starting material is a silicate compound 
having a crystal structure wherein planes formed by ionic bond are laminated in parallel with mutual bonding force and 
ions contained between planes are exchangeable. Most of ion-exchange layered silicates naturally occur as a main 
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component of clay minerals, and often contain impurities (such as quartz, cristobalite or the like), but it is all right to 
contain these impurities. Also, the starting material of the present invention means a silicate at a stage before chemical 
treatment of the present Invention as described below. Further, the ion-exchange layered silicates used in the present 
Invention may be not only naturally occurring materials but also artificially synthesized matierials. 
[0046] Examples of these ion-exchange layered silicates may be the following materials as described in "Clay Min- 
erals (Nendo Kobutsu Gaku)" written by Hamo Shiramizu (published by Asakura Shoten in 1995). 

(a) Examples of an ion-exchange layered silicate comprising a 1 :1 layer as a main constituting layer include kaolin 
group silicates such as dicklte, nacrite, kaollnite, anauxite, metahalloyslte, halloysite or the like, and serpentine 
group silicates such as chrysotile, llzaldlte, antigorite or the like. 

(b) Examples of an ion-exchange layered silicate comprising a 2: 1 layer as a main constituting layer include smec- 
tite group silicates such as montmorillonite, zauconite, beidellite, nontronite, saponite, hectorite, stephensite or 
the like, vermiculite group silicates such as vermlculite or the like, mica group silicates such as mica, illite, sericite, 
glauconite or the like, and attapulgite, sepiolite, palygorskite, bentonite, pyrophyllite, talc, chlorites and the like. 

[0047] A silicate used as a starting material in the present invention may be a layer-like silicate having a mixture 
layer of the above (a) and (b) groups formed. In the present invention, it is preferable to use a silicate having the 2:1 
type layer as the main component, preferably the smectite group, particularly montmorillonite. A kind of intercalation 
.c«lions IS not specially limited, but a silicate having an alkali metal or alkali earth metal as a main component for an 
inicrcrtlrttion cation is preferable in respect that such a silicate, is relatively easily available at a low cost as an industrial 
staring malcnal. 

Chemical ucatment 

[0048] An lon-oxchange layered silicate used in the present invention may be a naturally occurring material or a 
mritc'iai available for an industrial starting material as it is, but It is preferable for obtaining a highly active catalyst to 
hrtve iho ton-exchange layered silicate subjected to a chemical treatment. Examples of the chemical treatment include 
ar and iroaimoni an alkali treatment, a salt treatment an organic material treatment and the like. The chemical treat- 
ment employed may be any of a surface treatment for removing impurities deposited on a surface and a treatment 
hayirg an mfiuonce on a structure of clay. It Is possible to employ the chemical treatment in order to obtain such 
properties of pore size distribution as defined in the present invention. 

[0049] The acid treatment removes impurities on a surface but also can elute a part or all of cations such as Al, Fe, 
Of the like in a crystal structure. An acid used In the acid treatment is selected preferably from hydrochloric acid. 
SLifunc acid mtnc acid, phosphoric acid, acetic acid and oxalic acid. Usually, the acid is used In a form of an acid 
acuoous solution The acid used in the treatment may be a mixture of at least two kinds of acids, 
[0050] General treating conditions with acid may be optionally selected from an acid concentration in a range of from 
0 1 to 50 wt^o. a treating temperature in a range of from room temperature to a boiling point and a treating time in a 
range of from 5 minutes to 24 hours. It is preferable to carry out the treatment under such conditions as to elute at 
least a part of a material constituting at least one kind of compound selected from the group of ion-exchange layered 
silicates 

[0051] A particularly preferable embodiment of the present Invention is to carry out a treatment with an acid having 
a specific concentration. That is, it is preferable to carry out a treatment with an acid having an acid concentration (N) 
satisfying the toilowmg formula at least once. In the present Invention, this operation is referred to as "concentrated 
acid ircaimont". 

[0052] The acid concentration N is defined as (mol number of acid) x (valence number of acid)/(volume of acid aque- 
ous solution) (unit: mol/L). However, a salt coexists, a crystal water amount contained in a salt compound is considered, 
but a volume change by the salt is not considered. A specific gravity of the acid aqueous solution was sited from Basic 
Edition 11-4 of Chemical Handbook (Kagaku Binran) (by the Japan Chemical Society, published by Maruzen, revised 
third edition). 

[0053] It is not clear why the treatment of an ion-exchange layered silicate under such specific conditions is effective, 
but it is considered as described below. 

[0054] Generally, it is known that by subjecting the silicate to acid treatment, impurities on its surface are removed 
and cations such as Al, Fe, Mg or the like in its crystal structure are eluted, thereby increasing a surface area. Thus, 
in accordance with the progress of acid treatment, it is considered that a surface area and a pore volume are increased. 
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However, in case of such concentrated acid treatment as carried out in the present invention, a surface area value of 
a silicate treated by the concentrated acid treatment employing such an acid concentration (N) as defined in the present 
invention is rather smaller than a surface area of a silicate treated by an acid treatment employing a lower acid con- 
centration to have the same constituting components eluted. This fact means that a pore size of the silicate becomes 

^ larger It is expected that this change achieves an effect of easily moving a material between an outer part and an inner 
part of a catalyst. Thus, a silicate treated by an acid having a high concentration provides a larger pore size, and it is 
expected that material movement (of a metallocene complex, a monomer, an organic aluminum compound or the like) 
becomes easy in the inside of a catalyst or constituting particles in the same manner as in the outside. Accordingly, a 
catalyst prepared from the silicate of the present invention has active sites more unifomily dispersed, and it is consid- 

10 ered that a local heat generation on the catalyst is inhibited as compared with a conventional catalyst. Particularly, 
when producing an easily meltable or soluble polymer, e.g. in a case of low melting point random polymerization of a 
propylene type monomer, it is possible to carry out polymerization at a high activity and in a state of maintaining 
dispersed particles, which could not be conventionally achieved. 

[0055] A more preferable range of the acid concentration range of the acid concentration (N) (mol number of acid) 
15 X {valence number of acid)/(volume of acid aqueous solution) (unit: liter) of the present invention is at least 6.0, pref- 
erably at least 7.0. The upper limit of the acid concentration N is preferably at most 20. particulariy at most 1 5, in view 
of handling safety, easiness and equipments. 

[0056] An acid used for the concentrated acid treatment may be the same as those used in an ordinary acid treatment, 
but Is preferably sulfuric acid, nitric acid or hydrochloric acid, more preferably sulfuric acid. By such a specific treatment, 

20 an ion-exchange layered silicate having the above-mentioned feature 1 and feature 2 and/or at least one properties 
selected from feature 3 and feature 5 to feature 9 can be obtained. Further, In the present invention, it is preferable to 
carry out a salt treatment. The salt treatment means a treatment carried out for the purpose of exchanging cations In 
an ion-exchange layered silicate. The treating conditions with a salt are not specially limited, but it is preferable to carry 
out the salt treatment und^r conditions of a salt concentration of from 0.1 to 50 wt%, a treating temperature of from 

25 room temperature to a boiling point and a treating time of from 5 minutes to 24 hours in such a manner as to elute at 
least a part of materials constituting an ion-exchange layered silicate. Also, the salt may be used in an organic solvent 
such as toluene, n-heptane, ethanol or the like, or may be used in the absence of a solvent if it Is liquid-like at the 
treating temperature, but it is preferably used as an aqueous solution. However, depending on a kind of a salt employed, 
the salt treatment achieves an effect similar to an acid treatment. 

30 [0057] In the present invention, it is preferable to ion exchange at least 40%, preferably at least 60% of Ion-exchange- 
able cations of Group 1 metals contained in an ion-exchange layered silicate with cations dissociated from the following 
salts. 

[0058] Usable salts include a compound obtained from a cation containing at least one atom selected from the group 
consisting of Group 1 to 14 atoms and at least one anion selected. from the group consisting of a halogen atom, an 
35 inorganic acid and an organic acid, preferably a compound obtained from a cation containing at least one atom selected 
from the group consisting of Groups 2 to 14 atoms and at least one anion selected from the group consisting of CI, Br, 
I, F, PO4. SO4, NO3, CO3, C2O4, OCOCH3, CH3COCHCOCH3, OCI3. 0(N03)2. 0(0104)2, 0(S04), OH. O2CI2, OCI3, 
OCOH. OCOCH2CH3, C2H4O4 and CqH^Oj. 

[0059] Examples of the salts include U2SO4, CaCl2, CaS04. 030304, Oa(N03)2. Ca3(06H5O7)2, MgOlg, Sc 
40 (OCOCH3)2, SCF3, ScBrs. Y(OCOCH3)3. LaP04, 132(804)3, Sm(OCOCH3)3, SinCl3, Yb(N03)3, Yb(CI04)3, Tl 
(OOOCH3)4, Ti(C03)2, TI(S04)2. TiF4, TICI4, Zr(OCOCH3)4. Zr(C03)2, Zr(N03)4, ZrOCls, Hf(S04)2, Hf^. HfBr4, V 
(CH3COCHCOCH3)3, VOSO4. VCI4, VBr4, Nb(CH3COCHCOCH3)5, Nb2(C03)5, Ta2(C03)5, Ta(NO)5, TaClg. Or 
(OOCH3)20H, Cr(N03)3. Cr(CI04)3, M0OCI4, M0CI3, M0CI4, M0CI5. MoFg, WCI4, WBrg, Mn(CH3COCHCOCH3)2, Mn 
(N03)2. Fe(OCQCH3)2, Fe(N03)3, FeS04, Oo(OCOCH3)2, 003(PO4)2, OoBr2. Ni003, NiC204. Pb(OOOCH3)4^ Pb 
45 (OOCH3)2, PbC03: Pb(N03)2. CUI2. CuBr2, CUC2O4, Zn(OOCH3)2: Zn(CH3COCHCOCH3)2, ZnS04, Cd 
{OCOCH2CH3)2, CdFg. AICI3. Al2(C204)3, Al (CH3COCHCOCH3)3, GeCl4, GeBr4, Sn(OCOCH3)4, Sn(S04)2, and the 
like. 

[0060] At least two kinds of salts and acids may be used. When combining a salt treatment and an acid treatment, 
there are a method of carrying out an acid treatment after conducting a salt treatment, a method of carrying out a salt 
50 treatment after conducting an acid treatment, and a method of carrying out a salt treatment and an acid treatment at 
the same time. 

[0061] Examples of a chemical treatment with other compounds include an alkali treatment with LiOH, NaOH, KOH, 
Mg(OH)2, Ca(OH)2, Sr(OH)2, Ba(OH)2 or the like, and an organic material treatment with trimethyl ammonium, triethyl 
ammonium or the like. Examples of an anion constituting an organic material treating agent include hexafluorophos- 
55 phate, tetrafluoroborate, tet raphe nylborate or the like, in addition to anions illustrated as an anion constituting a salt 
treating agent, but should not be limited thereto. 
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Granulation 

[0062] An average particle size of a silicate of the present invention Is preferably at least 5 and at most 1 00 ^m. 
If there are present many fine particles having an average particle size of less than 5 jim, polymers are agglomerated 

s and easily adhered to' a reactor, and an unpreferabie short pass or a long term retention js caused depending on a 
polymerization process. On the other hand, coarse particles having an average particle size of at least 100 p.m are 
liable to cause occlusion (for example, at the time of catalyst feeding), such being unpreferabie. If particles do not 
cause such problems, they may be a naturally occurring material or a commercially available material, which may be 
used as it is. and also these materials may be used after adjusting their particle sizes by classification operation, 

10 separation operation or the like, 

[0063] A granulation method is not specially limited as far as it is a method for providing particles satisfying the above- 
mentioned particle size and shape conditions, but a spray granulation method is preferable. As mentioned above, a. 
particle strength can be controlled during granulation step. In order to obtain a crushing strength in a preferable range, 
it is preferable to regranulate pulverized silicate particles of the present invention. The silicate may be pulverized by 

15 any method. As a pulverization method, any method of dry system pulverization or wet system pulverization may be 
used, but wet system pulverization is preferable. Wet system pulverization means a pulverization method employing 
swelling properties of a silicate by using water as a dispersion medium. Examples of the method include a method of 
employing compulsory stirring system with polytron or the like, and a method of employing dynomill, peart mill or the 
like. Before granulation, particle size and a volume fraction of particles of less than 1 \xm are an average particle size 

20 of from 0.01 to 5 \xm and a particle fraction of less than 1 ^im-of at least 10%, preferably an average particle size of 
from 0.1 to 3 jim and a particle fraction of less than 1 ^m of at least 40%. A dispersing agent used for spray granulation 
is usually water 

[0064] Granulated particles preferably have a sphere-like shape. A concentration of a silicate in a starting material 
slurry for spray granulation to obtain sphere-like particles depends on a slurry viscosity but is generally from 0.1 to 
25 50%, preferably from.1 to 30%, more preferably from 2 to 20%. A temperature at a hot air entrance for spray granulation 
to obtain sphere-like particles varies depending on a dispersion medium, but in a case of water, it is from 80 to 260®C, 
preferably from 100 to 220° C. 

[0065] In order to produce a silicate having a specific pore size distribution of the present invention, it is preferable 
to carry out granulation before a chemical treatment. 

30 [0066] Generally, an ion-exchange layered silicate contains adsorbed water and intercalation water. In the present 
invention, it is preferable to remove adsoriDed water and intercalation water previously before using the silicate. It is 
usual to employ a heat treatment for removing water. Its method is not specially limited, but it is necessary to select 
such conditions as not to remain adsortaed water and intercalation.water and not to destroy its structure. The heating 
time is at least 0.5 hour, preferably at least one hour. In such a case, a water content after the removal is at most 3 

35 wt%, preferably at most 1 wt%, as compared with a water content of 0 wt% defined when the silicate is dehydrated at 
a temperature of 200**C under a pressure of 1 mmHg for 2 hours. 

Treatment with organic aluminum compound 

40 [0067] In the present invention, in order to prevent a catalytic active site from being poisoned with water remained 
or a hydroxyl group present in an ion-exchange layered silicate, the ion-exchange layered silicate may be subjected 
to contact treatment with an organic aluminum compound (in the present specification, such an organic aluminum 
compound as used for treating the silicate is referred to as "organic AL{1 )") before prepolymerization or main polym- 
erization. As the organic AL(1), an organic aluminum compound having an optional structure is generally usable. The 

45 ion-exchange layered silicate mentioned herein Is preferably a silicate treated as mentioned above (including a com- 
bination of a plurality of treatments). 

[0068] Particularly, by using the silicate treated with an organic aluminum compound having a specific structure, not 
only its activity is improved but also it is possible to reduce agglomeration of polymer particles and a polymer amount 
fused onto a polymerization tank wall or a pipe wall in polymerization atmosphere. The organic aluminum compound 
so having a specific structure is expressed by the following formula (X). 

AIRnYa-n (X) 

(R is a hydrocarbon group having a cariDon number of from 4 to 12, Y is hydrogen, halogen, an alkoxy group or 
a siloxy group, and n is a number larger than 0 and at most 3.) 

[0069] Examples of a preferable organic aluminum compound include tri-n-butylaluminum, triisobutylaluminum, tri- 
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n-pentylaluminum, tri-n-hexylaluminum, tri-n-heptylaluminium, tri-n-oclylaluminum, tri-n-decylaluminum, tri-n-dodecy- 
lalumlnum, diisobutylaluminum chloride, di-n-octylaluminum chloride, diisobutylaluminum hydride, dl-n-octylalumlnum 
hydride, diisobutylaluminum ethoxide, di-n-octylaluminum ethoxide, and the like. 

[0070] Also, it is possible to use a combination of organic aluminum compounds wherein n is different. For example, 
•5 it is possible to use a mixture of organic aluminum compounds expressed by the following formula. 

(Oct)2.5{Et)o5AL 

10 wherein Oct=C8Hi7 and £l=C2H5. 

[0071] Among these compounds, preferable examples include a trialkyi aluminum (n=3) and a dialkyi aluminum 
hydride. More preferable examples Include a C4-C12 trialkyi aluminum, concrete examples of which include triisobutyl 
aluminum and tri-n-octyl aluminum. 

[0072] It is not clear why the above effect can be achieved, but when treating a carrier with an organic aluminum 
'5 compound such as tri-n*octyl aluminum (TnOA) having a longer alkyi chain and a more bulky substituent as compared 
with conventionally used triethyl aluminum, it is considered that a cohering force of primary particles constituting a 
carrier is lowered and a carrier strength is weakened, and accordingly a uniform growth becomes possible. Conse- 
quently, it Is expected that a polymerization heat and a heat removal per unit volume are considerably well balanced, 
and agglomeration by fusion between polymers and deposition of a melted polymer on a polymerization tank wall can 
20 be prevented. Also, by relaxing agglomeration of particles and improving a bulk density of a polymer, productivity can 
be improved. 

[0073] Contact between an ion-exchange layered silicate and an organic AL (1) can be carried out under an inert 
gas atmosphere such as nitrogen in a solvent of an inert hydrocarbon such as hexane, heptane, pentane, cyclohexane, 
benzene, toluene, xylene or the like, and the solvent may be used alone or in a mixture of two or more. 
25 [0074] An amount of an organic AL (1 ) used is preferably from 0.01 to 1 ,000 mmol, more preferably from 0.1 to 1 00 
mmol, per 1 g of an Ion-exchange layered silicate. 

[0075] A concentration of an ion-exchange layered silicate in a solvent is preferably from 0.001 to 100 g/mL, more 
preferably from 0.01 to 10 g/mL, and a concentration of an organic AL (1) Is preferably from 0.001 to 100 mmol/mL, 
more preferably from 0.01 to 10 mmol. 
30 [0076] Contacting may be carried out by dispersing an Ion-exchange layered silicate in a solvent and then bringing 
an organic AL (1) in contact therewith. Alternatively, contacting may be carried out by adding an organic AL (1) to a 
solvent and then dispersing an ion-exchange layered silicate therein. 

[0077] The contacting treatment is carried out generally at a temperature of from -SO^'C to a bolting point of a solvent, 
preferably from 0**C to a boiling point of a solvent. The contacting time Is from 1 minute to 48 hours, preferably from 1 
35 minute to 24 hours. 

[0078] The order of contacting an organic AL (1 ) with an ion-exchange layered silicate is not specially limited as far 
as the object of the present invention is achieved, but it is more effective to carry out the contacting treatment after 
chemical treatment of the silicate or preferably after drying carried out after the chemical treatment. 
[0079] Also, the order of the contacting treatment step of an organic AL (1 ) and an Ion-exchange layered silicate and 

to the granulation step of an ion-exchange layered silicate is not specially limited as far as the object of the present 
invention is achieved, but It is preferable to carry out the treatment with an organic AL (1 ) after granulating the silicate. 
[0080] Further, it is possible to enhance the effect of the present invention by combining the above-mentioned re- 
spective treatments. Thus, after controlling a particle size distribution and a carrier particle strength by granulating an 
ion-exchange layered silicate, a carrier obtained through the following Step 1 and Step 2 is used as a catalyst compo- 

'5 nent for olefin polymerization. 

[0081] Step 1 : after granulating an ion-exchange layered silicate, the silicate is treated with an acid having an acid 
concentration (N) satisfying the following formula (I), 



so N^6.0 (Fomiula(l)) 

wherein the acid concentration N is expressed by (mol number of acid)x(valency number of acid)/(volume of acid 
aqueous solution)(unit: liter). 

[0082] Step 2: after carrying out the step 1 , the silicate is treated with an organic AL (1 ) which is an organic aluminum 
55 compound having an alkyl group having at least 4 carbon number. 
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(Olefin polymerization catalyst) 



[0083] In the present invention, an olefin polymerization catalyst can be prepared by contacting component (A) and 
component (B), and optionally component (C). 

s 

Component (A): a metallocene compound of Groups 4 to 6 of the Periodic Table 

Component (B): an ion-exchange layered silicate having the above-mentioned feature 1 and feature 2 

Component (C): an organic aluminum compound 

10 [0084] As the component (B), such various embodiments as described in the above paragraph "catalyst component 
for olefin polymerization" can be used, 

<Explanation of component (A)> 

15 [0085] A metallocene compound used in the present invention is a transition metal compound of Groups 4 to 6 of 
the Periodic Table, which has at least one conjugated 5-membered ring ligand. Preferable examples of such a transition 
metal compound include compounds expressed by the following formulae (1), (2), (3) and (4), 

A X k X 

\ X / \ / 

M (I) Q M n\ 



25 



30 



A' Y 



A^ X AX 

M (3) Q'<' M (4) 

Z Y ^Z Y 



35 [0086] Wherein A and A' are conjugated 5-membered ring ligands which may have a substituent (A and A' may be 
same or different in the same compound), Q is a bonding group crosslinking two conjugated 5-membered ring ligands 
at an optional position, Z is a ligand containing a nitrogen atom, an oxygen atom, a silicon atom, a phosphorus atom 
or a sulfer atom, Q' is a bonding group crosslinking Z with a conjugated 5-membered ring ligand at an optional position, 
M is a metal atom selected from the group consisting of Groups 4 to 6 of the Periodic Table, and X and Y are a hydrogen 

40 atom, a halogen atom, a hydrocarbon group, an alkoxy group, an amino group, a phosphorus-containing hydrocarbon 
group or a silicon-containing hydrocartDon group (X and Y may be the same or different in the same compound). 
[0087] Examples of A and A' include a cyclopentadienyl group. The cyclopentadienyl group may contain 5 hydrogen 
atoms (C5H5-), or its derivative, and some of the hydrogen atoms may be substituted with a substituent. 
[0088] Examples of the substituent include a C^-C4q, preferably C1-C3Q hydrocarbon group. This hydrocarbon group 

45 may be bonded as a monovalent group to a cyclopentadienyl group, or if there are present a plurality of groups, two 
of them may be respectively bonded to other terminals (a)-terminal) to form a ring together with a part of cyclopenta- 
dienyl. Later examples include a condensed 6-membered ring wherein two substiluenls are resjDeclively bonded to a>- 
terminals together with adjacent two carbon atoms in the cyclopentadienyl group such as an indenyl group, a tetrahy- 
droindenyl group or a fluorenyl group, and a condensed 7-membered ring such as an azulenyl group or a tetrahydroa- 

50 zulenyl group. 

[0089] Thus, examples of conjugated 5-membered ring ligands represented by A and A* include a cyclopentadienyl 
group, an indenyl group, a fluorenyl group or an azulenyl group, which may be substituted or unsubstituted. Among 
them, a preferable example is an azulenyl group. 

[0090] Examples of a substituent on the cyclopentadienyl group include the above-mentioned C^-C^, preferably 
55 C^-C3o hydrocartDon group, as well as a halogen atom group such as fluorine, chlorine or bromine, a C^-C^g a'koxy 
group, a silicon-containing hydrocarbon group expressed by -Si{R^){R2)(R3), a phosphorus-containing hydrocarbon 
group expressed by -P(R^)(R2), or a boron-containing hydrocarbon group expressed by -B(R'') (R2). If there are present 
a plurality of these substituents, these substituents may be the same or different. The above-mentioned R\ R2 and 
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R2 may be the same or different, and are alky! groups having a carbon number of from 1 to 24, preferably from 1 to 1 8. 
[0091] Q is a bonding group crosslinking two conjugated 5-membered ring llgands at an optional position, and Q' is 
a bonding group crosslinking a group represented by Z with a conjugated 5-membered ring ligand at an optional po- 
sition. 

•5 [0092] Examples of Q and Q' include, 

(a) alkylene groups such as a methylene group, an ethylene group, an isopropylene group; a phenylmethylmeth- 
ylene group, a diphenylmethylene group or a cyclohexylene group, 

(b) silylene groups such as a dlmethylsilylene group, a diethylsilylene group, a dipropylsilylene group, a diphenyls- 
ilylene group, a methylethylsilylene group, a methylphenylsilylene group, a methyl-t-butylsilylene group, a disilylene 
group or a tetramethyldisilylene group, and 

(c) hydrocarbon groups containing germanium, phosphorus, nitrogen, boron or aluminum, concrete examples of 
which include (CH3)2Ge. (CeHgjsGe. (CH3)P, {C6H5)P, (C4H9)N, (C6H5)N, (C4H9)B, (C6H5)B, (C6H5)AI and 
(CeH50)AI. Preferable examples include alkylene groups and silylene groups. 

15 

[0093] M is a transition metal atom selected from the group consisting of Groups 4 to 6 of the Periodic Table, preferably 
Group 4 metal atoms of the Periodic Table, concrete examples of which include titanium, zirconium, hafnium and the 
like. Particularly, zirconium and hafnium are preferable. 

[0094] Z is a ligand including a nitrogen atom, an oxygen atom, a silicon atom, a phosphorus atom or a sulfur atom, 
20 or a hydrogen atom, a halogen atom or a hydrocarbon group. Preferable examples include an oxygen atom, a sulfur 
atom, a -CgO' preferably C^-C^2 thioalkoxy group, a C^-C^, preferably C^-C^g silicon-containing hydrocarbon group. 
^ ^1*^40' preferably C^-C^q nitrogen-containing hydrocarbon group, a C^-C^, preferably C^-Cig phosphorus-contain- 
ing hydrocarbon group, a hydrogen atom, chlorine, bromine, or a C^-C^q hydrocarbon group, 

[0095] X and Y are respectively hydrogen , a halogen atom, a C, -CgQ, preferably -C^q hydrocarbon group, a -C20, 
preferably C^-C^q a'koxy group, an amino group, a C1-C20, preferably CyC^2 phosphorus-containing hydrocarbon 
group such as a diphenylphosphino group, or a C1-C20. preferably C^-C^2 silicon-containing hydrocarbon group such 
as a trimethylsilyl group or a bis(trimethylsilyl)methyl group. X and Y may be the same or different. Among them, a 
halogen atom, a hydrocarbon group, particularly a C.,-Cq hydrocarbon group, and an amino group are preferable. 

30 (a) Examples of a compound expressed by the fonnula (1) include bis(methylcyclopentadienyl)zirconium dichlo- 

ride. bis(ethylcyclopentadienyl)2irconium dichloride, bis(propylcyclopentadienyl)2irconium dichloride, bis(n-butyl- 
cyclopentadienyl)zirconium dichloride, bis(1,3-dimethylcyclopentadienyl)2irconium dichloride^ bis(1-ethyl-3-meth- 
ylcyclopentadienyl)zirconium dichloride. bis(1 -n-butyl-3-methylcyclopentadienyl)2lrconium dichloride. bis(1-i- 
butyl-3-methylcyclopentadienyl)zirconium dichloride, bis(1 -t-butyl-3-methylcyclopentadienyl)zirconium dichloride, 
35 bis(1 ,3-dimethylcyclopentadienyl)zirconium dimethyl, bls(1 ,3-dimethylcyclopentadienyl)zirconium methylchloride, 

bis(1,3-dimethylcyclopentadienyl)2irconium diethyl, bis(1 ,3-dimethylcyclopentadienyl)zirconium diisobutyl bis 
(1 .3-dimethylcyclopentadienyl)zirconjum chloride monohydride, bis(1 -n-butyl-3-methylcyclopentadienyI)2irconi- 
um dihydride. bis (1 ,3-dimethylcyclopentadienyl)2irconium dimethoxide. bis(1 ,3-dimethylcyclapentadienyl)2irconi- 
urn bls(dimethylamide), bis(1 -n-butyl-3-methyl-cyclopentadienyl)2irconium diethylamidomonochloride, bis(1-me-. 
thyl-3-trifluoromethylcyclopentadienyl)zirconium dichloride. bis(1-methyl-3-trimethylsilylcyclopentadienyl)zirconi- 
um dichloride, bis(1-cyclohexyl-3-methylcyclopentadienyl)2irconium dichloride, bis(1 -methyl-3-phenylcyclopenta- 
dienyI)2irconium dichloride, bis(1 -benzyl-3-methylcyclopentadienyl)zirconium dichloride, bis(1 -n-butyl-3-trifluor- 
omethylcyclopentadienyl)zirconium dichloride, bis(indenyl)zirconium dichloride, bis(tetrahydroindenyl)zirconium 
dichloride, bis(2-methylletrahydroindenyl)zirconium dichloride, and the like. 

(b) Examples of a compound expressed by the formula (2) include dimethylsilylenebis{1-(2-methyl-4-isopropyl- 
4H-azulenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-methyl-4-phenyl-4H-azulenyl)}zirconium dichloride, 
dimelhylsilylenebis(1-{2-methyl-4-(4-fluorophenyl)-4H-azulenyl}]zirconium dichloride, dimethylsilylenebis[1 - 
{2-methyl-4-(4-chlorophenyl)-4H-a2ulenyl}]zirconium dichloride, dimethylsilylenebis[1 -{2-methyl-4-(3-chlorophe- 
nyl)-4H-azulenyl})zirconium dichloride, dimethylsilylenebis[1 -{2-methyl-4-(2,6-dimethylphenyl)-4H-a2ulenyl))zir- 
conium dichloride, dimethylsilylenebis{1 -(2-methyl-4.6-diisopropyl-4H-azulenyl)}2irconium dichloride, diphenylsi- 
lylenebis{1 -(2-methyl-4-phenyl-4H-a2ulenyl)}zirconium dichloride, methylphenylsilylenebis{1 -(2-methyt-4 phenyl- 
4H-azulenyl))zirconium dichloride, dimethylphenylsilylenebis[1 -{2-methyl-4-(1 -naphthyl)-4H-a2ulenyl)]2irconium 
dichloride, methylphenylsilylenebis[1 -{2-methyl-4-(4-chlorophenyl)-4H-azulenyl})2irconium dichloride. methylphe- 
nylsilylenebis[1-{2-methyl-4-(4-fluorophenyl)-4H-azulenyl}]2irconiumdichloride,methylphenylsilylenebis[1-{2-me- 
55 thyl-4-(3-chlorophenyl)-4H-azulenyl}]2irconium dichloride, dimethylsilylenebis{1 -(2-ethyl-4-phenyl-4H-a2ulenyl)} 

zirconium dichloride. dimethylsilylenebis[1 -{2-ethyl-4-(1 -naphthyl)-4H-azulenyl}]2irconium dichloride, dimethylsi- 
lyfenebis[1-{2-ethyl-4-(4-chlorophenyl)-4H-azulenyl}]2irconium dichloride, dimethylsitylenebis[1 -{2-ethyl-. 
4-(4-fluorophenyl)-4H-azulenyl}lzirconium dichloride. dimethylsilylenebis[1-{2-ethyM-(3-chlorophenyl)-4H-azule- 
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nyl}]zirconium dichloride. dimethylsilylenebis[1-{2-ethyl-4-(2-naphthyl)>4H-azutenyl}]zirconium dichloride, dimeth> 
ylsilytenebls[1 -{2-ethyl-4-(1 -anthracenyl)-4H-a2ulenyl}l2irconium dichloride, dimethylsilylenebis[1 -{2-ethyl- 
4-(2-anthracenyi)-4H-azulenyl}]2irconium dichloride, dimethylsilylenebis[1 -{2-ethyl-4-(9-anthracenyl)-4H«azule- 
nyl})zirconium dichloride, dimethylsilylenebis[1 -{2-ethyl-4-(1 -phenanthryl)-4H-azulenyl}]zirconium dichloride, 
dimethylsilylenebis[1 -{2-ethyl^-(9-phehanthiyl)-4H-a2^^ dichloride. dimethylhriethylenebis 

{1 -[2-methyl-4-(4-biphenylyl)-4H-azulenyl]}zirconium dichloride, dimethylgelmylenebis{1 -[2Hmethyl-4-(4-bipheny- 
lyl)-4H-a2ulenyl]}2irconium dichloride, ethylenebis{H2-methyl-4-(4-biphenylyl)-4H-azulenyl]}zirconlum dichlo- 
ride, dimethylsilylenebis{1 -[2-i-propyl-4-(4-biphenylyl)-4H-azulenyl]}zirconium dichloride, dimethylsilylenebis 
{1 -[2-methyl-4-(2-fluoro-4-biphenyfyl)-4H-azulenyl]}zirconium dichloride, dimethylsilylenebis{1 -[2-ethyl- 
4-(2-fluoro-4-biphenylyl)-4H-azulenyl]}zirconium dichloride. dimethylsilylenebis{1 -[2-methy^ 
phenylyl)-4H-azulenyl]}zirconium dichloride, dimethylsilylenebis{1 -[2-methyl-4-(1 -naphthyl)-4H-azulenyl]}zirconi- 
um dichloride, dimethylsilylenebis{1-[2-i.-propyl-4-{1-naphthyl)-4H-azulenyl]}zirconium dichloride, dimethylsi- 
lylenebis{1 -[2-i-propyl-4-(4-t-butylphenyl)-4H-azulenyl]}zirconium dichloride, dimethylsilylene{1 -[2-methyl-4-(4-bi- 
phenylyl)-4H-azulenyt]}{1 -[2-methyl-4-(4-biphenylyi)lndenyl]}zirconium dichloride, dimethylsilylenebis{1-[2-ethyl- 
4-(4-biphenylyl)-4H-5,6,7,8-tetrahydroa2ulenyl]}2irconlum dichloride, dimethylsilylene{1-(2-ethyl-4-phenyl-4H- 
azuleny!)}{1 -(2-methyl-4,6-benzoindenyl)}zlrconium dichloride, dimethylsilylenebls{1 -(2-ethyl-4-phenyl-6-isopro- 
pyl-4H-azuIenyl))zirconium dichloride, dimethylsilylenebis{1 -(2-ethyl-4,6-diphenyl-4H-azulenyl)}zirconium dichlo- 
ride. dimethylsilylenebis(1 -{2-methyl-4-(pentafluorophenyl)-4H-azulenyl}]zirconium dichloride, dimethylsilylenebis 
{1 -(2-ethyl-4-phenyl-7-fluoro-4H-a2ulenyl))zirconium dichloride, dimelhylsilylenebis{1 -(2-ethyl-4-indolyMH-a2u- 
lenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-dimethylborano-4-indclyl-4H-azulenyl)}zirconium dichloride, 
dimethylsilylenebis[1-{2-ethyl-4-(3,5-bistrifluoromethylphenyl)-4H-azulenyl)lzirconium dichloride, dimethylsi- 
lylenebis{1 -(2-methyl-4-phenyl-4H-azulenyl)}2irconium dimethyl, dimethylsilylenebts{1 -(2-methyl-4-phenyl-4H- 
a2ulenyl))zirconiumbis(trifluoromethane sulfonic acid), dimethylsilylenebis{1-(2-methyl-4-phenylindenyl) zirconi- 
um dichloride, dimethylsilylenebis{1 -(2-methyt-4,5-ben2oindenyl)}2irconium dichloride, dimethylsilylenebis[1 - 
{2-methyl-4-(1 -naphthyl)indenyI})zirconium dichloride, dimethylsilylenebis{1 -(2-methy 1-4, 6-diisopropylin deny l)}zir- 
conium dichloride, diphenylsilylenebis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, methylphenylsilyleneb- 
is{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-ethyl-4-phenylindenyl)}zirconium 
dichloride: dimethylsilylenebis[1 -{2-ethyl-4-(1 -naphthyl)indenyl}l2irconium dichloride. dimethylsilylenebis[1 - 
{2-ethyl-4-(9-anthryl)indenyl)]zirconium dichloride, dimethylsilylenebis[1 -{2-ethyl-4-(9-phenanthryl)indenyl}]zirco- 
nium dichloride, dimethyIsilylene{1-(2-ethyl-4-phenylindenyl)}{1-(2-methyl-4,5-benzoindenyl)}zirconium dichlo- 
ride. dimethylsilylenebis[1-{2-methyl-4-(pentafluorophenyl)indenyl}]zirconium dichloride, dimethylsilylenebis 
{1 -(2-ethyl-4-phenyl-7-fluoroindenyl)}zirconium dichloride, ethylene-1 ,2-bis{1-(2-methyl-4-phenylindenyl)}zirconi- 
um dichloride, ethylene-1 ,2-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride, ethylene-1 ,2-bis[1 -{2-methyl- 
4-(1-naphthyl)indenyl}]2irconium dichloride, isopropylidenebis{1 -(2-methyl-4-phenylindenyl))zirconium dichloride, 
ethylene-1 ,2-bis{1 -(2-methy l-4-phenyl-4H-azulenyl)}zirconium dichloride, ethylene-1 ,2-bis{1 -(2-ethyl-4-phenyl-. 
4H-azulenyl)}zirconium dichloride, ethylene- 1 ,2-bis[1-{2-methyl-4-(1-naphthyl)indenyl}]zirconium dichloride, eth- 
ylene-1 ,2-bis[1 -{2-methyl-4-(4-chlorophenyl)-4H-azulenyl)lzirconium dichloride, isopropylidenebis{1 -(2-methyl- 
4-phenyl-4H-azulenyl)}2irconium dichloride, ethylene-1 ,2-bis{1 -(2-ethyl-4-indolyl-4H-azulenyl))zirconium dichlo- 
ride. dimethylgelmylenebis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, dimethylgelmylenebis{1-(2-ethyl- 
4-phenylindenyl)}zirconium dichloride, methyl aluminum bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride, phe- 
nylphosphinobis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride, phenyIaminobis{1 -(2-methy I -4-phenylindenyl)) 
zirconium dichloride, and the like. 

(c) Examples of a compound expressed by the formula (3) include (tetramethylcyclopentadienyl)titanium(bis t- 
butylamlde)dichloride, (tetramethylcyclopentadienyl)titanium(bisisopropylamide) dichloride, (tetramethylcy- 
clopentadienyl) tilanium(biscyclododecylamid e) dichloride, (letramethylcyclopentadieny!) litanlum{bis (trimethyl- 
silyl) amlde)dichloride, (2-methyl-4-phenyl-4H-azulenyl)titanium{bis(trimethylsilyl)amide)dichloride, (2-methyl- 
4-phenyl-4H-azuienyl)2irconium{bis(lrimelhylsilyl)amide}dichloride, (2-melhylindenyl)lilanium(bis l-butylamide) 
dichloride, (fluorenyl)titanium(bis t-butylamide)dichloride, (3,6-dilsopropylfluorenyl)litanium(bis t-butylamide) 
dichloride. (tetramethylcyclopentadienyt)titanium(phenoxide)dichlorid e, (tetramethylcyclopentadienyl)titanium 
(2,6-diisopropylphenoxide)dichloride, and the like. 

(d) Examples of a compound expressed by the formula (4) include dtmethylsilanedill(tetramethylcyclopentadienyl) 
(t-butylamide)titanium dichloride, dimethylsilanediil(tetramethylcyclopentadiGnyl)(cyclodode cylamide)titanium 
dichloride, dimethylsilanediil(2-methytindenyl)(t-butylamide)titanium dichloride, dimethylsilanediil(fluorenyl)(t- 
butylamide)titanium dichloride, and the like. 

[0096] Component (A) expressed by the formulae (1) to (4) may be used in a mixture of two or more compounds 
expressed by the same formula and/or different fomiula. 
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Compopf?n: (C) 

[00971 Comporcn: (C) is an organic aluminum compound, and is optionally used. A compound expressed by the 
foilowing lormjiH (5). is preferably used. 

5 

^^'^P^a-p Fomiula(5) 

wherein is n C, -C^o hydrocarbon group, and X Is halogen, hydrogen, an alkoxy group or an amino group, and p is 
10 in a range of from 1 to 3. . 

[0098] R- IS preferably an alkyi group, and X is preferably chlorine, when it is halogen, a C^-Cq alkoxy group when 
it is an alkoxy qfcup and a C^-Cq amino group when it Is an amino group. 

[0099] In tnc present invention, a compound expressed by this fonnula may be used alone or in a mixture or in a 
combinritioT o' n piurnirty of compounds. This can be used not only at the time of preparing a catalyst but also at the 

'5 time of prcpofy^cf i/rttion or polymerization, 

[0100] Acco-aing^ p-cicrabie compound examples Include trimethylaluminum, triethylaluminum, tri n-propylalumi- 
num. in n tutvUiJuminum tnjsobutylaluminum, tri n-hexylaluminum, tri n-octylaluminum, tri n-decylaluminum, diethyl- 
aluminum c^icftoc a'CinyniuTiinum sesqui chloride, diethylaluminum hydride, diethylaluminum ethoxide, diethylalu- 
minum cimein^unsco dusoouiyialuminum hydride, dilsobutylaluminum chloride, and the like. Among them, preferable 

20 examples ifHjiuOc <t n^ikyuiuminum wherein p=3, a dialkylaluminum hydride wherein p=2 and X=hydrogen, and the 
like. Moic p»c-tc'»rttjit cinrnuicii include a trialkylalumlnum wherein R'^ has a carbon number of from 1 to 8, and most 
preferable cmrtrrcic & inisooutylaluminum. 



25 
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(Preparation of CMirtVst) 



[0101] A Ccii.*iy«,T of the present invention can be formed by contacting the above respective components in the 
outside of a po^y^o»^y^IlO^ reactor or the inside of the polymerization reactor at the same time or continuously or by 
one time or a piurniiTy of hmes It is usual to carry out the contacting treatment of respective components in a solvent 
of an aliphatic hyfiro HftJon or an aromatic hydrocariDon. A contacting temperature is not specially limited, but is pref- 
erably from -?o C m i SO C Depending on an aimed object, an optional combination can be employed as a contacting 
order, but a prcfcaoic contacting order with regard to the respective components is illustrated below. Usually, compo- 
nent (B) is con:ac e<3 wnn component (A) at first. Addition of component (C) to component (B) may be carried out before 
contacting with comooren: (A) or at the same time or after contacting with component (A), but it is preferable to add 
component (Ci to component (B) at the same time as contacting with component (A) or after contacting with component 
35 (A), After coni.^ci ng the respective components, it is possible to wash with an aliphatic hydrocarbon or aromatic hy- 
drocarbon solven! 

[0102] Respective amounts of components (A), (B) and (C) used in the present invention are optional. For example, 
an amount of compcnent (A) to component (B) is preferably from 0.1 to 1 ,000 |i.mol, more preferably from 0.5 to 500 
Limol to 1 g of co-rtpDnent (B). An amount of component (C) to component (B) is preferably from 0.001 to 100 timol, 
preferably from 0 006 to 50 ^mol, in temris of an amount of a transition metal, to 1 g of component (B). Accordingly, an 
amount of componcni ( 3) to component (A) is preferably from 1 0"5 to 50, more preferably from 1 0"* to 5 in terms of a 
mol ratio of a irarsitjon metal. 



(Prepolymeri/aticn cntr-.tyst) 



[0103] The cainVst of ine p'oscnl invention may be subjected to prepolymerization treatment by contacting the cat- 
alyst with a poiymcri/aDic monomer lo polymerize a small amount of monomer, and it is preferable to employ the 
prepolymerization if cainieni It is usual lo employ milder conditions for the prepolymerizalipn treatment than conditions 
of main polymer i/rtiion As a piopolymerization monomer a-olefin, preferably ethylene or propylene, is usable. A pre- 
50 polymerized polymer rtmounl is usually from 0.01 to 100 g/g-catalyst, preferably from 0.1 to 50 g/g-catalyst, more 
preferably from 1 lo 30 g/g-catalyst, most preferably from 1.5 to 5 g/g-catalyst. If this amount is too small, powder 
properties of a potymcr obtained become poor, and if this amount is too large, it is not preferable from economical 
viewpoint. 

[0104] The propoiymori/ation catalyst is obtained by combining the above-mentioned components (A) and (B), and 
55 an organic aluminum compound (hereinafter an organic aluminum compound used for prepolymerization is referred . 
to as "organic AL (2)") used optionally if desired. The component (A) is a metallocene compound and the component 
(8) is an ion-exchange layered silicate. The ion-exchange layered silicate of the component (B) may be such various 
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embodiments as fully described in the paragraph "catalyst component for olefin polymerization". However, it is prefer- 
able to use a catalyst having a specific structure obtained by combining the above-mentioned specific treatments. A 
specific structure means to have "feature 1 " and "feature 2". and preferably to have, in addition to these features, at 
least one property selected from "feature 3" and "feature 5 to feature 9". The organic AL (2) is not specially limited, but 
'5 the same material as the above-mentioned component (€) is suitable. 

[0105] Preferable embodiments of the prepolymerization catalyst to achieve the effect of the present invention are 
illustrated as the following embodiments (1) to (5). 

[0106] (1 ) It is important that prepolymerization catalyst particles obtained by contacting a metallocene catalyst sup- 
ported on an ion-exchange layered silicate with olefin have the following "feature 4". 

10 [0107] Feature 4: A prepolymerization homogenization index (H value) obtained by subjecting respective catalyst 
particles before prepolymerization and after prepolymerization to fluorescence observation Is at most 60%. 
[0108] An ion-exchange layered silicate mentioned herein is not specially limited, and such various silicates as fully 
described with regard to "catalyst component for olefin polymerization" as component (B) are usable. 
[01 09] The present inventors have carried out morphological analysis of a prepolymerization catalyst to study relation 

15 between polymer properties and outer appearance of a product, and as this result, it has been discovered that (a) a 
agglomerated material of polymer particles obtained by polymerization and (b) catalyst particles causing a poor outer 
appearance of a product such as fish eyes and gel have clear characteristics. It has been discovered that the problems 
of the present invention can be solved by reducing such particles, and the present invention has been accomplished 
on the basis of this discovery. 

20 [0110] It is a well known technique to prepolymerize a metallocene catalyst, but its solving means was simply to 
change a kind of each catalyst component or prepolymerization conditions. As far as the present inventors know, there 
was no example of solving the above-mentioned problems of a prepolymerization catalyst from a morphological view- 
point, in the present invention, the prepolymerization catalyst has been studied from its morphological viewpoint. 
[0111] Fluorescence analysis is employed as a means for analyzing the morphology. Particles before prepolymeri- 

25 zation emit a fluorescent light, but its fluorescent light density varies after the prepolymerization. The fluorescent light 
density means a fluorescent light intensity emitted when applying UV rays to a catalyst. An H value which is a mor- 
phological index is expressed by percentage indicating a proportion of a number of "fluorescent light-emitting particles" 
present among prepolymerization catalyst particles. The "fluorescent light-emitting particles" are defined as catalyst 
particles having a fluorescent light density of at least 1 after prepolymerization when an average fluorescent light density 

50 of catalyst particles before prepolymerization is defined to be 1 . 

[0112] Catalyst particles causing agglomeration of polymerization powder are (a) particles having a low prepolym- 
erization degree per piece of particle or (b) particles having a part of low prepolymerization degree remained within 
particle. 

[0113] These particles are cleariy characterized by subjecting a catalyst to fluorescence observation. Their charac- 
35 teristics and a mechanism of exhibiting the characteristics are estimated as mentioned below. 

(a) Particles having a low prepolymerization degree per piece of particle 

[0114] When carrying out fluorescence observation, these particles are characterized by having a fluorescent light 
"^0 density not lower than a fluorescent light density of catalyst particles before prepolymerization. A mechanism that the 
catalyst emits a fluorescent light is not clear, but it is estimated that the fluorescent light is emitted from a component 
of an organic metal compound which becomes an active site when considering an inorganic carrier before contacting 
with the organic metal compound (such as a metallocene compound) which becomes an active site does not substan- 
tially emit a fluorescent light and a catalyst after contacting with the organic metal compound emits a fluorescent light. 
[0115] A fluorescent light density varies depending on a prepolymerization degree of particles, and the fluorescent 
light density becomes larger at a stage of low prepolymerization degree than that of a catalyst before prepolymerization. 
The stage of low prepolymerization degree is a stage in which a volume of a prepolymerization polymer is smaller than 
a pore volume of an inorganic carrier, and at this stage, the prepolymerization polymer is accumulated within pores of 
the inorganic carrier and this is a stage in which the inorganic carrier is not crushed nor dispersed. 
50 [0116] At such a stage that the prepolymerization polymer is being filled in these pores, fluorescence observation 
shows that the catalyst provides a fluorescent light density higher than that before prepolymerization. 
[0117] When the prepolymerization proceeds further, a volume of the prepolymerization polymer becomes larger 
than the pore volume of the inorganic carrier, and in proportion to growth of the polymer, the inorganic carrier is crushed 
and dispersed. At this proceeded stage, the component (organic metal compound) emitting a fluorescent light is going 
55 to be dispersed in the prepolymerization polymer in accordance with dispersion of the inorganic carrier, and a density 
of the component (organic metal compound) emitting a fluorescent light present per unit volume becomes smaller as 
the prepolymerization degree becomes larger. Consequently, a fluorescent light density becomes smaller. 
[0118] However, not all of catalyst particles grow until this stage, and growth of a part of particles are suspended at 
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a stage of low prepolymerization degree depending on prepolymerization conditions. These particles provide a poor 
outer appearance of a product due to poor particle properties, fish eyes or gel. The present invention solves the above- 
mentioned problems by providing a prepolymerization catalyst having a unifomi prepolymerization degree among par- 
ticles. 

(b) Particles having a part of low prepolymerization degree remained at a part within particle 

[01 1 9] Depending on prepolymerization conditions, particles having a part of low prepolymerization degree remained 
at a part within catalyst particle are formed. This is because when rapid prepolymerization is carried out, diffusion of 

10 a monomer is not sufficiently developed in the inside of a particle, and prepolymerization proceeds only on the surface. 
According to fluorescence observation of these particles, a fluorescent light density of the part of low prepolymerization 
degree becomes higher than that of a catalyst before prepolymerization, and other part provides a low fluorescent light 
density. The reason why the part of low prepolymerization degree provides a higher fluorescent light density is the 
same as described in the above paragraph (a), and It is considered that this is because a density of a component 

15 (organic metal compound) providing a fluorescent light present per unit volume is high. Powders having these char- 
acteristics also cause a bad outer appearance of a product due to poor powder properties, fish eyes and gel. 
[0120] As described in the above paragraph (b), the present invention solves the above problems by providing a 
catalyst having whole particle of each particle uniformly fully polymerized. 

20 Comparison of fluorescent light density of catalyst particle after prepolymerization 

[0121] The present invention is characterized in that there are present only a small number of catalyst particles 
(fluorescent light-emitting particles) after prepolymerization, the fluorescent light density of which is at least 1 to a 
fluorescent light density of catalyst particles before prepolymerization. That is, a proportion (H value) of a number of 
25 catalyst particles after prepofymerization, the fluorescent light density of which is at least 1 to a fluorescent light density 
of catalyst particles before prepolymerization, is at most 60% to a number of whole catalyst particles after prepolym- 
erization: 

[0122] Thus, it is preferable that a number of fluorescent light-emitting particles is smaller, and an H value is preferably 
at most 50%, more preferably at most 40%, most preferably at most 30%. 

30 [0123] The fluorescent light density is an intensity of fluorescent light emitted when UV rays are applied to a catalyst, 
and is evaluated by a brightness of fluorescence microscope photograph. On the basis of a fluorescent photograph of 
a catalyst before prepolymerization taken by the following method, largeness and smallness of a fluorescent light 
density are evaluated by comparing a brightness between this photoc)raph and a photograph of a catalyst after prepo- 
lymerization. As the brightness is higher, the fluorescent light density becomes large. Comparison of the brightness 

35 can be visually made, but it can be made by using an image-analyzing apparatus using a computer. 

Observation conditions by microscope 

[0124] Both fluorescent light observation and transmitting light observation are carried out by bathing a sample in 
40 liquid paraffin. An ordinary catalyst is deactivated when contacting with air, but the measurement can be made even 
when the sample is deactivated. 

[0125] It is necessary to select photographing conditions of a fluorescent light photograph in such a manner as to 
be able to evaluate largeness and smallness of a fluorescent light density of catalyst particles after prepolymerization 
as compared with a fluorescent light density of particles before prepolymerization. In order to make evaluation easier, 
•*5 it is possible to select conditions so as not to be photosensitive when a fluorescent light density Is smaller than that of 
a catalyst before prepolymerization. 

Fluorescent light density of catalyst particles before prepolymerization 

50 [0126] First, a transparent light photograph of a catalyst before prepolymerization is taken and a number of particles 
is calculated within ils visual field and then a fluorescent light photograph is taken in the same visual field. 
[0127] With regard to a catalyst before prepolymerization, any particle and any part within a particle have substantially 
the same fluorescent light density per area, but when an intensity varies depending on a particle of catalyst particles 
before prepolymerization, their average value is employed. It is preferable to use an image-treating apparatus for 

55 calculating an average value. 

[0128] It is preferable that there are at least 50 pieces of particles in the same visual field, but if it is difficult to taken 
such a photograph depending on a particle size or dispersibility of a catalyst, a plurality of photographs are taken under 
the same conditions, and at least 50 pieces of particles are evaluated. 
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[0129] A catalysl before prepolymerization for measuring a fluorescent light density may be employed by taking a 
pan ihcrco' in ihc process of obtaining a catalyst after prepolymerization, or a catalyst may be separately prepared 
urdcr ihc same conditions as in the preparation of a catalyst after prepolymerization but without carrying out a prepo- 
lymcn/rtlion slop 

FIjorosccni iiq^^i density of catalyst particles after prepolymerization 

[01301 In mc same manner as above, a transmitting light photograph of a catalyst after prepolymerization is taken 
first and rf numDcr of particles within the visual field are calculated and an area of each particle on the photograph is 

10 dctcmiincd from the transmitting light photograph. Further, a fluorescent light photograph is taken under the same 
cond lions as tn the case of the catalyst before prepolymerization to look for fluorescent light-emitting particles. 
[0131 J Depending on particles after prepolymerization, there is a case that only a part of each particle emits a fluo- 
rescent Mgri In such a case, as an evaluation standard as to whether that is a fluorescent light-emitting particle or not, 
a panicle rrivoiq an effective fluorescent light-emitting part area of at least 1/100 to an area of the particle on the 

'5 transmit:ing h^t photograph is judged to be a fluorescent light-emitting particle. In this manner, with regard to 50 pieces 
of particles mc tsuof osccni light density is compared with that of a catalyst before prepolymerization. Crushed catalyst 
or fine powocf ukc CHiatysi particles are not preferable as a catalyst for polymerization, and if such particles are added 
to be moasufca a numocr of particles to be measured is increased and consequently an H value becomes a lower 
value, thub rtp;i«irontty cxfiitjii ng a favorable measurement result. In order to remove this influence, catalyst particles 

20 having prtfiB^ic of at most 1/4 of an average catalyst particle size are not calculated. 

Fluorescence micfoscooc 

[0132] A fiuof c&ccocc microscope employed is a fluorescence microscope as described at page 421 of "Rikougaku 
25 Jiten" edited Dy Tokyo Rika Daigaku Rikougaku Jiten Henshuu linkai or at pages 70 to 74 of "Kenbikyou no Ohanashi" 
by Kentaroj As^kur^ Examples of a fluorescence microscope include a transmission fluorescence microscope and 
a reflection fluorescence microscope, and the reflection fluorescence microscope is employed for observation in the 
present specif critior Also it ts preferable for preventing a sample from being damaged to make the time of applying 
a fluorescent uqta in ri sample shorter, and the measurement is finished preferably within at most 5 minutes, more 
3(' preferably wiihm -it most 1 minute. 

[0133] A caiaiysi component and prepolymerization conditions to be used are not specially limited as far as a pre- 
polymerizaiior c^-.taiyst having the above-mentiofied feature 4 can be obtained. 

(a) A prepoiymcn/ation catalyst having feature 4 can be obtained by using a silicate having a specific structure 
35 formed by comb nmg such specific treatments as described in the above paragraph "Catalyst component for olefin 

polymeri/aiicn" The specific structure means to have feature 1 and feature 2, preferably further to have at least 
one property sekxrtcd from the group consisting of feature 3 and feature 5 to feature 9, in addition thereto. 

(b) Also, a prepoiymenzalion catalyst having feature 4 can be obtained by employing at least one of the following 
procedures (2) to (5). 

40 

[0134] Further ii is effective to combine the above methods (a) and (b). 
[0135] (2) It IS important to employ specific prepolymerization conditions. 

[0136] Acceding to prior arts, there was no disclosure concerning a knowledge to associate with a polymerization 
perfomnance ol a catalyst obtained in relation to a feeding method of a monomer in prepolymerization. It has been 
^5 discovered in the present invention thai a feeding method of olefin in prepolymerization system provides an important 
influence on a caiafyst portomance. and the above-mentioned problems of the present invention have been solved 
on the basis o' lhii> Oiscovcry. 

[0137] That is trie present invention relates to a catalyst for olefin polymerization, which is a prepolymerization 
catalyst obtained oy contacting a metallocene catalyst supported on an ion-exchange layered silicate with olefin, where- 
50 jn the catalyst is obtrimed by (b) maintaining a polymer-forming rate at most 10 mg/min per g of the ion-exchange 
layered silicate (a) until a prepolymerized polymer in an amount of corresponding to a pore volume of the ion-exchange 
layered silicate is formed. 

[0138] The above metallocene catalyst supported is obtained by combining the above-mentioned components (A) 
and (B). The component (A) is a metallocene compound and the component (B) is an ion-exchange layered silicate. 
55 Various types of materials as fully described in the above paragraph "catalyst component for olefin polymerization" can 
be used as the ion-oxchango layered silicate of the component (B). However, it is preferable to use a carrier having a 
specific structure obtained by combining the above-mentioned specific treatments. The specific structure has "feature 
1" and "feature 2". and in addition to these properties, preferably has at least one property selected from "feature 3" 
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and "feature 5 to feature 9". 

[0139] Generally, olefin polymerization of a catalyst supported on a carrier takes a step wherein catalyst particles 
collapse in accordance with growth of polymer particles. If a growth speed of polymer particles and a collapse speed 
of carriers are not well balanced, collapse of particles and generation of fine powder are caused. From this point of 
view, it is necessary to carry out prepolymerization in a good balance with a can-ier strength in order to prevent growth 
of non-uniform particles. Particularly, since an ion-exchange layered silicate has a cleavage property, a balance be- 
tween a growth speed of polymer particles and a collapse speed of carriers has a large influence on catalyst perform- 
ances. The present inventors considered this point very important. 

[0140] The polymer growth speed in prepolymerization can be adjusted by controlling reaction conditions including 
an olefin concentration, a component (A) concentration, an organic AL (2) concentration, a slurry concentration of a 
catalyst component, a prepolymerization temperature, a prepolymerization pressure and the like. For example, it is 
convenient for this purpose to control a rate of supplying olefin to polymerization system, an olefin partial pressure and 
the like. 

[01 41 ] Olefin may be any form of liquid or gas in the prepolymerization system. Olefin may be introduced previously 
in a specific amount into a reactor before prepolymerization, or may be supplied step by step or continuously, but it is 
preferable to supply olefin step by step or continuously. Particularly, when supplying olefin step by step or continuously, 
a feeding rate per hour of olefin Is usually from 0.001 to 100 g, preferably from 0.01 to 10 g, per g of component (B). 
More particularly, the feeding of olefin may be suspended intermittently during prepolymerization, or the feeding rate 
may be varied as a lapse of lime. Also, it is possible to use hydrogen together with olefin for adjusting a molecular 
weight if necessary. Also, it is possible to control the reaction by using an inert gas such as nitrogen, lowering a pressure 
by purging during the reaction, diluting with an inert solvent or varying a prepolymerization temperature to adjust a 
polymer-forming rate. 

[0142] When carrying out prepolymerization in accordance with a slurry polymerization method in an inert solvent, 
a component (A) concentration is usually from 0.001 to 100 ^mol/mL, preferably from 0.01 to 10 fimol/mL. In the same 
manner a component (B) concentration is usually from 0.001 to 100 g/mL, preferably from 0.005 to 10 g/mL. Also, an 
organic AL (2) concentration is usually from 0.01 to 1 ,000 fimol/mL, preferably from 0.1 to 100 jxmol/mL. 
[0143] Prepolymerization by contacting the above catalyst component with olefin is carried out at a temperature in 
a range of usually from -50^*0 to 1 00°C, preferably from 0°C to gO'^C. Particularly, when an olefin concentration is high, 
the temperature employed is preferably lower to control the reaction. The temperature may be constant, but may be 
varied as a lapse of time. Particularly, in the initial stage of prepolymerization, it is preferable not tc make a polymeri- 
zation speed higher, and thus, it is preferable that the prepolymerization is initiated at a relatively low temperature and 
the temperature is then raised. 

[0144] Also, it is possible to control a polymer-forming rate by selecting a kind of olefin. In the present invention, 
particulariy in the initial stage of prepolymerization, the above-described prepolymerization conditions are appropriately 
selected to maintain a polymer-forming rate at a proper value, and this control can be more easily made by combining 
at least two of a plurality of conditions. • 

[0145] It is necessary for the prepolymerization of the present invention to maintain a polymer-forming rate at most 
10 mg/min per g of component (B) until a prepolymerized polymer is formed in an amount corresponding to a pore 
volume of the component (B). After forming a prepolymerized polymer in an amount corresponding to the pore volume 
of the component (B), a polymer-forming rate is not specialty limited. The prepolymerization of the present invention 
is characterized by being precisely controlled at the initial stage. For example, in case of batch-wise operation, it is 
necessary to precisely control al the initial stage for 100 minutes, particularly for 50 minutes, from the initiation of 
polymerization. Also, in case ol continuous operation, it is necessary to precisely control at the initial zone for 100 
minutes, particularly for 50 minutes, of the retention time. 

[01 46] As mentioned above, the pore volume of the component (B) is varied depending on a kind of an Ion-exchange 
layered silicate or a treating method employed, but it is usually from 0.2 to 2.0 cm^/g. Accordingly, by taking an amount 
of component (B) used and its pore volume into consideration, a polymer-forming rale and an amount to be formed in 
the prepolymerization are controlled. 

Prepolymerization activity pattern 

[0147] A polymer-forming rate may be at most 10 mg/min as a polymer-forming rate per g of component (B). If the 
forming rale exceeds 10 mg/g-min, a prepolymerized polymer is non-uniformly formed, and a polymerization active 
site of a catalyst is hardly increased. A large amount of polymer is locally formed, which causes agglomeration of the 
catalyst component. According to the present inventors' knowledge, in order to increase a polymerization active site 
of a catalyst, it is required that an ion-exchange layered silicate is gradually crushed by a formed polymer and its 
surface area is increased in the step of prepolymerization. The lower limit of a polymerization rate is not specially 
limited, but if it is too low. a long time is necessary for prepolymerization treatment, and it is not industrially favorable. 
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Accordingly, the polymerization rate is selected preferably in a range of from 1 to 10 mg/g.min, particularly from 2 to 8 

mg/gmin. 

[0148] A polymer-forming rale is not always necessary to be constant as far as it is at most 10 mg/g-min until a 
prepolymerlzed polymer is fomried in an amount corresponding to a pore volume of component (B). If it is at most 10 

•5 mg/g min, any combination of a constant rate^ an increasing rate or a decreasing rate may be employed. As mentioned 
above, after fonning a prepolymerlzed polymer in an amount corresponding to a pore volume of component (B), a 
polymer-forming rate is not specially limited. When canying out prepolymerization in batch-wise manner, a remaining 
olefin monomer may be purged or all remaining monomers may be polymerized in a short time by raising a temperature. 
[01 491 Hereinafter, a forming rate of prepolymerization polymer (prepolymerization activity pattern) is explained with 

10 reference to various embodiments illustrated in the drawings. 

[0150] Fig. 5 illustrates prepolymerization activity patterns (simply referred to as "prepolymerization pattern") by 
batch-wise method. The axis of abscissas indicates a polymerization time (minute) and the axis of ordinates Indicates 
a fonning rate of a prepolymerized polymer (g-polymer/g-B component-min). Also, (P|) indicates an initial stage po- 
lymerization peak and (Ps) indicates a latter stage polymerization peak. 

'3 [01 51 ] Fig. 5 illustrates patterns (1 ) to (4), and pattern (1 ) illustrates a pattern wherein after supplying a small amount 
oi a monomer to a prepolymerization system, the supplying of a monomer is suspended half way. A considerable 
anouni of a polymer is formed in the initial stage of prepolymerization, and the formation of a polymer is then decreased 
ard ticrcafter a polymer is formed at almost constant level. In the latter stage of prepolymerization, collapse of catalyst 
ccmponcnl (B) proceeds and an active site is rapidly increased, and a polymer-forming rate reaches a peak. Thereafter, 

'cnirtinirig monomer disappears, and an amount of a polymer formed reaches 0. 
[0152] Pattern (2) illustrates a pattern wherein after supplying a small amount of a monomer to a prepolymerization 
sysicm the supplying of a monomer is suspended half way once. After a lapse of a predetermined time, a large amount 
of fi monomer is supplied, and further after a lapse of a predetermined time, a remaining monomer is compulsorily 
purged to finish the prepolymerization. Since a large amount of a monomer is present at the latter stage of prepolym- 
ori/a:ior a polymer-forming rate reaches maximum at the end of polymerization. 

(0153] Pallorn (3) illustrates a pattem wherein after supplying a small amount of a monomer to a prepolymerization 
sysiotn ihc supplying of a monomer is reduced half way in such a manner as to make a polymer-forming rate constant. 
Smrc a r>olymcrization activity of a catalyst is increased in the latter stage of prepolymerization, an amount of a mon- 
omer suopl ed IS reduced in the latter stage of prepolymerization as compared with the former stage. When a monomer 

JO IS supplied in a constant amount, a prepolymerization temperature is lowered or a catalyst concentration is lowered 
so US to prevent excessive polymerization of the supplied monomer. Also, since a prepolymerization activity conrelates 
to a moromcr oartial pressure or temperature, there Is a case in which a supplied amount of a monomer and a pressure 
are in an equilibrium relation depending on conditions, and such^a case provides this pattern without intentionally 
reducing a supplied amount of monomer. 

35 [0154] Pattern (4) illustrates a model pattern wherein after supplying a small amount of a monomer to a prepolym- 
cn/a:ior system, conditions of the prepolymerization are changed half way and operation is made in such a riianner 
as to maintain a polymer-forming rate in the vicinity of the maximum value of the initial stage. 

[0155] In any case of patterns (1 ) to (3), a polymer-fonning rate reaches a peak (Pj) in the initial stage of prepoiym- 
cn/a:ion. and is then once lowered. The polymer-forming rate at this peak (P|) is maintained at most 1 0 mg/g-min per 
-^0 g of componcni (B), The polymer-forming rate is rapidly increased ini the latter stage of prepolymerization, and reaches 
a Dcak (Pj) in some cases. The polymer-forming rate at this peak may exceed 1 0 mg/g- min per g of component (B). 
In the case of pattern (4), a polymer-forming rate is maintained constantly in the vicinity of maximum in the total range 
ot prepolymcnzation. 

[0156] The prepolymerization catalyst thus obtained may be used as it is in main polymerization, or may be used 
-'s after washing with an inert hydrocarbon solvent. Further, the catalyst thus obtained may be dried before using. 
[0157] (3) It is important to optimize an amount of an organic AL (2) used at the time of prepolymerization. 
[01 58] It has been discovered in the present invention that a high catalytic activity can be achieved without degrading 
powder properties of a polymer obtained by reducing an amount of an organic aluminum compound used substantially 
to 0 or only a small amount at the stage of prepolymerization, which was conventionally required in a large amount, 
50 and the present invention has been accomplished on the basis of this discovery. 

[0159] An organic AL (2) used at the time of prepolymerization may be the same as component (C). An amount of 
an organic AL (2) used is from 0 to 10 mol, more preferably at most 8.5 mol, to 1 mol of component (A). The above- 
mentioned amount of an organic AL (2) indicates the whole amount of an organic aluminum compound present at the 
time of prepolymerization, and includes an amount of an organic AL (1) remaining in the solution, which 1s used for the 
55 above-mentioned treatment of silicate. 

[01 60] Also, an ion-exchange layered silicate mentioned herein is not specially limited, and various types of silicates 
may be used, which are fully described as component (B) in the above paragraph "catalyst component for olefin po- 
lymerization". However, it is preferable to use a carrier having a specific structure obtained by combining the above- 



18 



EP 1 241 188 A1 



mentioned specific treatments. The specific structure is to have feature 1 and feature 2, and preferably in addition to 
these features, at least one feature selected from feature 3 and feature 5 to feature 9. 

[0161] An amount of component (B) and a ratio to component (A) and component (C) are optional, but an amount 
oif component (A) is generally from 0.1 to 1 ,000 umol, preferably from 0.5 to 500 ^.mol. more preferably from 1 to 100 
^ M.mol. to 1 g of component (B). Accordingly, an amount of component (C) is from 0 to 10 mmol, preferably from 0 to 
4.2 mmol, more preferably from 0 to 0.90 mmol, to 1 g of component (B), 

[0162] It is desirable to improve a catalytic activity, but a polymerization heat per unit time naturally becomes large. 
Accordingly, unless heat is effectively removed in the vicinity of a polymerization catalyst, a temperature is locally raised 
at a microsite, and consequently there is a fear that polymer particles agglomerate each other by dissolution or melting 
10 of a polymer. However, the efficiency of the heat removal can be controlled by using a catalyst component and/or a 
catalyst having the above-mentioned specific properties or a catalyst used for prepolymerization under the above- 
mentioned specific conditions. 

[0163] Also, by combining the above-mentioned methods, the effect of the present invention can be remarkably 
improved. Thus, when carrying out the prepolymerization, it is preferable to employ specific conditions (a) and (b) and 
IS to adjust an amount of an organic aluminum used at the time of prepolymerization in the above-mentioned range. 

[0164] That is, (b) a polymer fonning rale is maintained at most 10 mg/g-min per 1 g of an ion-exchange layered 
silicate (a) until a prepolymerization polymer is formed in an amount corresponding to a pore volume of the ion-exchange 
layered silicate. 

[0165] After finishing the prepolymerization, the catalyst may be used as it is depending on its used form, but it is 
20 possible to dry the catalyst if necessary. When drying the catalyst, in order to prevent the catalyst from being poisoned 
with impurities, it is preferable to add an organic aluminum compound having the same structure as component (C), 
[0166] During contacting the above-mentioned respective components or after contacting, or after finishing the pre- 
polymerization or after drying the prepolymerization catalyst, a solid material including a polymer such as polyethylene, 
polypropylene or the like, and an inorganic oxide such as silica, titanium or the like, may be coexisted or may be 
25 contacted therewith. Also, it is possible to employ a method of contacting component (C) after contacting all the catalyst 
components of the present invention or after carrying out the prepolymerization. 

[0167] (4) When forming a prepolymerization catalyst, it is important to have a new additional metallocene complex 
contacted with a metallocene catalyst on a carrier. 

[0168] As mentioned above, in the present invention, component (A) and component (C) optionally used, together 
30 with a metallocene catalyst supported on component (B), are contacted with olefin to form a prepolymerization catalyst. 
As mentioned above, in the prepolymerization step, by accumulation of a prepolymerized polymer, collapse and dis- 
persion of component (B) proceeds and a surface area is Increased. In proportion to the procedure of prepolymerization, 
a polymerization active site is fonned on the dispersed component (B) by contacting with component (A), and an active 
site precursor structure is newly formed. 
35 [0169] In the present invention, formation of a new active site on the active site precursor structure is accelerated 
by contacting (a) a new metallocene complex and (b) a new organic aluminum compound optionally used with the 
metallocene catalyst effecting prepolymerization, and a unifomn prepolymerization catalyst in which component (B) is 
highly dispersed, can be provided by reducing particles having a low prepolymerization degree (growth is suspended) 
or removing a part of low prepolymerization degree within a particle, thus accomplishing the present invention. 
40 [0170] A new metallocene complex added during the prepolymerization step to be contacted with the metallocene 
catalyst effecting prepolymerization may be the same or different from a component defined as a metallocene complex 
already supported as component (A), and its amount used is selected in such a manner as to make the total amount 
of component (A) and a new metallocene complex in a range of the above-mentioned amount of component (A) used 
to component (B). A mo! ratio of component (A) and a new metallocene complex is optional, but preferably 1 :0.01 -1 : 
100, more preferably 1:0.1-1:10. 

[0171] Also, a new organic aluminum compound optionally used may be the same or different from a compound 
defined as component (C), and its amount used may be defined also in the same manner. 

[0172] Contacting of the metallocene catalyst effecting prepolymerization with (a) a new metallocene complex and 
(b) a new organic aluminum compound optionally used, may be carried out at an optional time during the prepolym- 

50 erization step can-ied out by contacting the metallocene catalyst with olefin under the above-mentioned prepolymeri- 
zation conditions. Thus, the contacting may be carried out in the presence of olefin or in the absence of olefin by once 
suspending the prepolymerization. Preferably, the contacting is carried out after a prepolymerized polymer is formed 
in an amount sufficiently larger to collapse or disperse component (B). For example, it is necessary to optimize by 
taking a pore volume, a pore size distribution and a carrier strength of component (B) used into consideration, but the 

55 contacting is carried out usually after forming a prepolymerized polymer in an amount of at least 0.1 g. preferably at 
least 0.2 g, more preferably at least 0.5 g, per 1 g of component (B). In order to fully achieve an effect by a new 
metallocene complex, prepolymerization is carried out until a prepolymerized polymer is further formed in an amount 
of at least 0.5 g, preferably at least 1 .0 g, more preferably at least 2,0 g. per 1 g of component (B). 
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[0173] (5) In the formation of a prepolymerization catalyst, it is important to subject a metallocene catalyst on a carrier 
prepared under specific conditions to slurry-washing with an inert hydrocarbon solvent or liquefied a-olefin and then 
to canv out olefin prepolymerization. 

[0174] In the step of preparing a metallocene catalyst on a carrier by contacting component (A) and component (C) 
*5 optionally used with component (B), it is necessary to optimize the contacting conditions to form an active site by having - 
the component (A) fully supported on the component (B), and this is desirable for forming a unifomi prepolymerization 
catalyst; For example, it is necessary to take a sufficient contacting time for completely effecting the carrying reaction. 
However, according to extension of the contacting time, degeneration of component (A) as a side reaction also pro- 
ceeds, and consequently non-unlfonn prepolymerization is caused. Further, component (A) adsorbed in a carrier during 
10 prepolymerization without being supported on component (B) causes fonmation of a deposited polymer during main 
polymerization. 

[0175] Thus, the present invention is acconriplished by providing a uniform prepolymerization catalyst having com- 
ponent (B) highly dispersed, which is obtained by the steps of (a) proceeding the carrying reaction by contacting com- 
ponent (A) with component (B) for at least 30 minutes, (b) slurry washing the contacted material obtained by the above 

15 operation (a) with an inert hydrocarbon solvent or liquefied a-olefin to remove a byproduct derived from component 
(A) and (c) carrying out olefin prepolymerization with the washed material obtained by the above operation (b) to remove 
particles having a low prepolymerization degree or to remove a part of low prepolymerization degree In a particle. 
[0176] The contacting operation of component (A) and component (B) Is carried out under such conditions as de- 
scribed in the above paragraph "preparation of catalyst", but the contacting time is preferably at least 30 minutes, more 

20 preferably at least one hour. The contacting temperature is not specially limited, but it Is necessary to avoid such a 
high contacting temperature as to cause degeneration reaction of component (A), and It Is preferable to employ a 
contacting temperature of at most 100®C, preferably at most 80**C, more preferably at most 60**C. 

(Use of catalyst/polymerization of olefin) 

25 

[0177] As a polymerizable a-olefin, a Cg-Cgo olefin is preferable, examples of which include ethylene, propylene. 

1 -butene, 1 -hexene, 1 -octene and the like: In case of copolymerizatton, a kind of a comonomer used may be a-olefin 
selected from the above illustrated a-olefins, which is other than the main component. An amount of a comonomer is 
selected under such conditions as to produce a polymer having desirable physical properties (in respect of a melting 
30 point, a molecular weight, a stiffness, or the like), and is more effectively selected so as to provide a low melting point 
polymer. 

[01 78] Any polymerization system may be employed as far as a catalyst component and each monomer are efficiently 
contacted. For example, a slurry method using an inert solvent, a solution polymerization method, a bulk method 
employing propylene as a solvent substantially without using an inert solvent, or a gas phase method maintaining each 

35 monomer In a gas state substantially without using a liquid solvent may be employed. Also, they are applied to con; 
tinuous polymerization or batch-wise polymerization. In case of slurry polymerization , a saturated aliphatic hydrocarbon 
or an aromatic hydrocarbon such as hexane, heptane, pentane, cyclohexane, benzene, toluene or the like may be 
used alone or in a mixture as a polymerization solvent. A polymerization temperature is from 0 to 200*C, and as a 
molecular weight-regulating agent, hydrogen may be assistantly used. An operatable polymerization pressure Is from 

40 0 to 2.000 kg/cm2G. 

[0179] Also, a metallocene catalyst of the present Invention is used preferably for producing a random copolymer, 

and is particularly suitable for producing a propylene-ethylene copolymer. Also, it is suitable for producing a low melting 
point polymer, and is particularly suitable for producing a propylene-ethylene random copolymer having a melting point 
of at most 140"C, preferably at most 135"C, more preferably at most ISO^'C, most preferably at most 125°C. 
45 [0180] The present invention is fuaher illustrated with reference to the following Examples, but should not be limited 
thereto. 

[0181] In the following Examples and Comparative Examples, physical properties were evaluated in the following 
manner. 

so (1) Composition analysis of Ion-exchange layered silicate 

[0182] Chemical analysis is carried out in accordance with JIS method to prepare an analytical curve, and determi- 
nation is carried out with fluorescent X-rays. 

55 (2) Measurement of pore size 

[0183] Measurement conditions of pore size distribution by nitrogen adsorption-desorption method are illustrated. 
[0184] Apparatus: Autosorb 3, manufactured by Quanta Chrome Company 
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Measurement method: gas adsorption method 
Measurement conditions: 

Pretreatment conditions: 200*»C. 2 hours, under vacuum (at most 10-2 tonr) 
s Sample amount: about 0.2 g 

Kind of gas: nitrogen 
Gas liquefaction temperature: 77 K 

(3) Particle size measurement of ion-exchange layered silicate 

10 

[0185] A Laser microni2er("LMS-24", manufactured by Seishin Kigyo K.K.) was used. Measurement was carried out 
by using ethane! as a dispersion medium, and a particle size distribution and an average particle size (median diameter) 
were calculated in terms o( a refractive index of 1 .33 and a shape coefficient of 1 .0. 

IS (4) MFR measurement 

[0186] A melt index value of a polypropylene type polymer was measured in accordance with JIS-K-6758, and a melt 
index value of a polyethylene type polymer was measured in accordance with JIS-K-6760. 

20 (5) Polymer BD 

[0187] A polymer bulk density was measured in accordance with ASTM D1 895-69. 

(6) Agglomerated amount of polymer 

25 

[0188] By using a sieve of 1 ,690 (xm, a polymer wt% on the sieve shaken for 10 minutes was measured. 

(7) Evaluation of bulk density of prepolymerization catalyst 

30 [0189] A bulk density was measured by flowing a solid catalyst component through a stalntess-made funnel having 
an exit aperture diameter of 5 mrrx^ into a 10 cc container to measure a weight as expressed by weight per 1 cc. 

(8) Evaluation of flow properties of prepolymerization catalyst 

35 [0190] Flow properties were measured by placing 14 cc of a solid catalyst component powder into respective stain- 
less-made funnels having a conical angle of 30^ and various flow aperture diameters of 5 mmcj), 6.5 mmcj), 8 mm (j). 12 
mm(t», and 20 mm4>. Numerical values indicate a minimum aperture diameter which causes flowing. 

(9) Measurement of average crushing strength 

40 

[0191] By using a minute compression tester "MCTM-500" manufactured by Shimadzu Corporation, crushing 
strengths of optionally selected at least 1 0 pieces of particles were measured and their average value was calculated 
to be a crushing strength of an inorganic carrier. . . 

^5 (io) Evaluation of prepolymerization homogenization index (Fluorescence microscope) 

[0192] A fluorescence microscope OPTIPHOT (manufactured by Nikon Corporation) having a Epi-fluorescence at- 
tachment EDF2 (1 DO W mercury lamp) equipped is referred to as a fluorescence microscope. Fluorescence observation 
was carried out by a standard UV exciter (using U V-2A filter: excited by 330-380 nm UV rays) attached to this fluores- 
ce? cence microscope. 

(Preparation of microscction) 

[0193] A microsection for observation was prepared by using emulsion oil TYPE DF for fluorescence observation 
55 manufactured by Nikon Corporation and inserting a sample between a commercially available slide glass and a cover 
glass. 
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(Microscopic observation) 

[0194] The above prepared microsection was observed by ordinary transmitting light observation to confirm a part 
wherein particles to be observed are appropriately present, and its image was recorded in accordance with the following 
s method. Thereafter, the same visual field was observed by fluorescence observation and its image was recorded in 
accordance with the same method. 

(Observed image-photographing apparatus) 

10 [0195] A digital microscope VH-7000 manufactured by KEYENCE Company was connected with a trinocular tube 
cone of the above fluorescence microscope by way of 'TV Lens C-0.6X" manufactured by Nikon Corporation to record 
an observed image (magnification: about 150 to 300 times). Conditions of CCD of VH-7000 were gain: 0 dB (fixed), 
shutter speed: 1/15 (fixed) and white balance: 1 PUSH. Also, image quality-improving functions were offset: -5, gain 
correction: +1 0 and gamma correction: +5. 

15 [0196] By using a digital color printer VH-P40 manufactured by KEYENCE Company, photograph outputs were de- 
tenmined by printing conditions of brightness: +20 and contrast: +20 on the VH-7000 side. With regard to conditions 
other than the above-mentioned conditions, the initially fixed conditions for VH-7000 and VH-P40 were employed as 
they are. 

20 (11) Washing rate 

[0197] A washing rate indicates a washing degree of decantation washing of a silicate of the present invention after 
treated with an organic aluminum compound. A total amount of an organic aluminum compound contained in a solution 
after reaction, were defined to be 1 , and to the total amount, an amount of an organic aluminum compound remained 
25 after washing was determined in accordance with the following calculation formula. The calculation was made on the 
assumption that an organic aluminum compound was not separated from the solid side by the washing operation or 
was not adsorbed. 

[0198] For example, in case of decantation washing operation, a washing rate is calculated in the following manner. 

w,= (Vo-di)/;Vo+Pi) 

W2=(V,-d2)/(V,+P2) 

35 

Wn=(V^,-d„)A/„., 

Washing rate=Wi x x 
40 1 2 n 

(wherein W„ represents n th washing rate, V^.^ represents a solution amount after (n-l)th washing, dn represents an 
extracted amount at the time of n th washing, and P„ represents an added solvent amount at the time of n th washing. 
0 time means the time after organic aluminum compound treatment). 

45 

(12) Melting poinl (Tm) 

[0199] By using DSC6200 manufactured by Seiko Instruments K.K., 5 mg of a sheet-like sample was packed into 
an aluminum pan, and a temperature was raised from room temperature to 200**C at a raising speed of 100**C/min, 
so and the temperature was maintained for 5 minutes, and the sample was then cooled to 40°C at a cooling speed of 
lO^C/min to have the sample crystallized, and the sample was then heated again to 200°C at a raising speed of 10*'C/ 
min to measure a maximum peak temperature (^C) of melting. 

EXAMPLE 1 

55 

(Chemical treatment of ion-exchange layered silicate) 

[0200] Into a 3 L glass-made separable flask equipped with a stirring vane. 1 ,130 mL of distilled water was placed 
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therein, and 750 g of concentrated sulfuric acid (96%) was slowly added thereto, and 300 g of montmorillonite (Benclay 
SL, manufactured by Mizusawa Industrial Chemicals, Ltd.; average particle size: 25 [im, particle size distribution: 10-60 
Jim, composition (wt%): Al 18.45, Mg 2.14, Fe 2,34, Si 32.8 and Na 2.62) was dispersed therein, and the resultant 
mixture was gradually heated to 90°C for 1 hour, and the temperature was maintained for 5.5 hours, and the mixture 
5 was then gradually cooled to SO^'C for 1 hour. The slurry thus obtained was filtrated under a reduced pressure to obtain 
a cake. The cake thus obtained was washed with distilled water until the final washing water had a pH of exceeding 
3.5, and the washed product was dried overnight at HO^'C under a nitrogen atmosphere. 

[0201] According to nitrogen adsorption method, the product had a most frequently appearing pore diameter (D„) 
of 1 01 A, a ratio of pore diameter showing 1 /2 of a peak intensity of the most frequently appearing pore diameter (0,^^,2^ 

10 D^) of 0.76, a ratio of a pore diameter showing 1 /3 of a peak intensity of the most appearing pore diameter (Dn,i/3/D„) 
of. 0.60, and a maximum intensity of pore diameter 50 A to the maximum intensity (DygQ^/Dy,^) of 0.26. A second peak 
intensity was about 30%. (Pore size distribution is illustrated in Fig. 1 .) A pore volume of particles of less than 1 ,000 
A was 0.42 cm^/g, and a surface area by BET method was 225 m^/g. This carrier had an average crushing strength 
of 13 MPa as measured by a minute compression tester. 

15 [0202] The composition (wt%) of this chemically treated montmorillonite was Al 4.80, Mg 0.70, Fe 1 .20, Si 41 .2 and 
Na of less than detectable limit (0.2). Eluted rates of respective components were Al 55%, Mg 74%, Fe 59% and Na 
93%. Mol ratios of respective components to SI were Al 0.121 , Mg 0.0196, Fe 0.0146 and Na less than 0.0059. 

(Preparation of catalyst/prepolymerization catalyst) 

20 

[0203] The following operations were carried out by using deoxidized and dehydrated solvents and monomers under 
an inert gas. 

[0204] The above chemically treated montmorillonite was dried at 20O''C for 2 hours under a reduced pressure. 
[0205] 20 g of the dried montmorillonite was introduced into a glass-made reactor having an inner volume of 1 L and 
25 a stirring paddle, heptane containing 3% of toluene (hereinafter referred to as "mixed heptane") and 84 mL of a heptane 
solution containing triethyl aminium (0.596 M) were added thereto, and the resultant mixture was stirred at room tem- 
perature. After 1 hour, mixture was washed with mixed heptane (washing rate<1/100) to obtain 200 mL of a silicate 
slurry. 

[0206] Thereafter, 87 mL of mixed heptane was added to 21 8 mg (0.3 mmol) of (r)- dimethylsilylenebis{1 -[2-methyl- 
30 4-(4-chlorophenyl)-4H-azulenyl]}zirconium dichloride, and the mixture was fully stirred, and 4.25 mL of a heptane so- 
lution of triisobutyl aluminum (0.706 M) was added thereto, and the resultant mixture was reacted at room temperature 
for 1 hour. Thereafter, the above prepared silicate slurry was added thereto, and the resultant mixture was stirred for 

1 hour, and mixed heptane was added thereto to adjust to 500 mL. „ 

[0207] The above prepared silicate/metal tocene complex slurry was introduced into an autoclave having an inner 
35 volume of 1 .0 L and a stirring system, which was fully substituted with nitrogen. When a temperature became stably 
40°C, propylene was supplied thereto at a rate of 10 g/hour, and the temperature was maintained. After four hours, 
the supplying of propylene was stopped, and the temperature was raised to 50°C, and was then maintained for further 

2 hours. A prepolymerization catalyst slurry was collected by a syphon, and about 300 mL of a supernatant liquid was 
removed, and the slurry was dried at 45**C under a reduced pressure. By this operation: a prepolymerization catalyst 

40 containing 1 .9 g of polypropylene per 1 g of catalyst was obtained. 

[0208] Catalyst particles before prepolymerization and catalyst particles after prepolymerization were subjected to 
fluorescence observation to take their photographs, and were compared, and an H value was 25%. 

(Propylene-ethylene random polymerization) 

45 

[0209] A stirring system autoclave having an inner volume of 3 L was fully substituted with propylene, and 2.76 mL 
(2.02 mmol) of a triisobutyl aluminum n-heplane solution was added therein, and 30 g of ethylene^ 1 00 cc of hydrogen 
and 1 ,500 mL of liquid propylene were introduced therein, and a temperature was raised to 70*^0 and the temperature 
was maintained. The previously prepared prepolymerization catalyst was made into a slurry with n-heptane, and 10 

50 mg (except for a weight of a prepolymerized polymer) of the slurry was charged therein as a catalyst under a pressure 
to initiate polymerization. The tank temperature was maintained at 70°C. After 0.5 hour, 5 mL of ethanol was added 
therein, and a polymer obtained by purging the remaining gas v/as dried at 90*C for 10 hours. As this result, 175 g of 
a polymer was obtained. A catalyst activity was 35,600 g-PP/g-catalyst-hour. The polymer had a bulk density (BD) of 
0,45 (g/cc), an MFR value of 8.5 (dg/min) and a melting point of 126.8**C. A agglomerated polymer amount of the 

55 powder thus obtained was measured and was 0.8%. 

[0210] The results are shown in the following Tables 1 and 2. Table 1 shows physical properties of an ion-exchange 
layered silicate and a catalyst, and Table 2 shows polymerization results. 
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EXAMPLE 2 

(Chemical treatment of ion-exchange layered silicate) 

-5 [0211] ~ In a .10 L separable flask, 96% sulfuric acid (3.0 kg) was added to 4.5 kg of distilled water, and Bericlay SL 
(average particle size 25 ^m, 1 .2 kg) manufactured by MIzusawa Industrial Chemicals, Ltd. as an ion-exchange layered 
silicate (montmorillonite) was added thereto at 90**C, and the temperature was maintained to react for 5 hours. After 
finishing the reaction, the reaction mixture was cooled and was washed with pure water to pH 3. A solid obtained was 
pre-dried at 1 30^*0 for 2 days in a nitrogen stream, and coarse particles of not smaller than 70 |im were removed. The 

10 solid was further dried at 200*C in a nitrogen stream to obtain 0.80 kg of chemically treated smectite. The chemically 
treated smectite thus obtained had a composition of Al: 4.0 wt%, Si: 38.8 wt%, Mg: 0.60 wt%, Fe: 1 .3 wt% and Na<0.2 
wt%, and Al/Si=0.107 (mol/mol). This carrier had an average crushing strength of 11 MPa as measured by a minute 
compression tester. 

[0212] This carrier had a frequently appearing pore diameter (D^) of 101 A by nitrogen adsorption method, a ratio 
15 of pore diameter showing 1/2 of a peak intensity of the most frequently appearing pore diameter (P^i/2^Dn,) of 0.82, a 
ratio of a pore diameter showing 1/3 of a peak intensity of the most frequently appearing pore diameter (D^^/3/D^) of 
0-71 , and a maximum intensity of pore diameter 50 A to the maximum intensity (D^soa^vm) 0.26. Also, a second 
peak intensity was about 20%, (Pore size distribution is illustrated in Fig. 2.) A pore volume of less than 1 ,000 A was 
0.44 cm^/g, and a surface area by BET method was 221 m^/g. This carrier had an average crushing strength of 11 
20 MPa as measured by a minute compression tester. 

(Preparation of catalyst/prepolymerization catalyst) 

(Preparation of catalyst) 

25 

[0213] Into a metallic reactor having an inner volume of 13 L and having a stirrer, a mixture of 0.20 kg of the above- 
mentioned dry silicate and 0.74 L of heptane containing 3% toluene (hereinafter referred to as "mixed heptane") was 
introduced, and 1 .26 L of a heptane solution of tri n-octyl aluminum (0.40 M) was added thereto, and an inner temper- 
ature was maintained at 25*'C. After reacting for 1 hour, the reaction mixture was fully washed with mixed heptane to. 

30 prepare 2.0 L of a silicate slurry. 

[0214] On the other hand, 0.80 L of mixed heptane was added to 2.17 g (3.00 mmol) of (r)-dichloro{1,r-dimethyls- 
ilylenebis [2-methyl-4-(4-chlbrophenyl)-4H-azulenylJ}zirconium, and 21 .1 mL of a heptane solution of triisobutyl alumi- 
num (0.71 M) was added thereto, and the resultant mixture was reacted at room temperature for 1 hour, and the mixture 
thus obtained was added to the above prepared silicate slurry, and the resultant mixture was stirred for 1 hour, and 

35 mixed heptane was added thereto to adjust the volume to 5.0 L. 

[0215] Thereafter, an inner temperature was raised to 40**C and was stabilized, and propylene was supplied thereto 
at a rate of 67 g/hour, and the temperature was maintained. After 6 hours, the supplying of propylene was stopped, 
and the mixture was maintained for further 1 hour. 

[0216] After finishing the prepolymerization, the remaining monomer was purged, and a catalyst obtained was fully 
40 washed with mixed heptane. Thereafter. 0.17 L of a heptane solution of triisobutyl aluminum (0.71 ISM.) was added 
thereto, and the product was dried at 45'*C under a reduced pressure. As this result, a prepolymerization catalyst 
containing 2.12 g of polypropylene per 1 g of catalyst was obtained. 

[0217] Catalyst particles before prepolymerization and catalyst particles after prepolymerization were subjected to 
fluorescence observation to take their photographs, and were compared, and an H value was 12%. 

45 

(Propylene-ethylene random polymerization) 

[0218] The same procedure as in Example 1 was repeated, except that the above obtained prepolymerization catalyst 
was used. As this result, a catalyst activity was 52,100 g/PP/g-catalyst hour, and a polymer had a bulk density (BD) of 
50 0.475 (g/cc), an MFR value of 8.1 (dg/min) and a melting point of 125.7*»C, and a agglomerated polymer amount was 

2.5%. 

EXAMPLE 3 

55 (Propylene-ethylene random polymerization) 

[0219] The same procedure as in Example 1 was repeated, except that the prepolymerization catalyst obtained in 
Example 2 was employed and a polymerization temperature of 65'*C and 35 g of ethylene were employed. As this 
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rcRui- A CrttHtysl activily was 48.500 g/PP/g -catalyst- hour, and a polymer had a bulk density (BD) of 0.483 (g/cc), an 
M"R va uc of 1 6 (dg/nnin) and a melting point of 121 .7*»C, and a agglomerated polymer amount was 0.9%. 

EXAF^^P.E 4 

(Chcmca! iroHtmont of ion-exchange layered silicate) 

[0220] In ri separable flask, 967o sulfuric acid (750 g) was added to 1 ,1 30 g of distilled water, and Benclay SL (average 
particle si/c 27 [im 300 g) manufactured by Mizusawa Industrial Chemicals, Ltd. as an Ion-exchange layered silicate 
(montmonuoniic) was added thereto, and the mixture was reacted at 90**C for 390 minutes. Thereafter, the reaction 
product was washed with distilled water to pH 3. A solid obtained was pre-dried at 130**C for 2 days in a nitrogen 
strcan ^no coarse particles of not smaller than 53 |im were removed, and the product was further dried at 200°C In 
a nitrogen stream lo obtain 1 40 g of chemically treated smectite. The chemically treated smectite thus obtained had a 
compos lion of Ai 4 6 ¥Vt*^i». Si: 41 .5 wt**/o, Mg: 0.60 wt%, Fe: 0.9 wt% and Na<0,2 wt%, and Al/Si=0.115 (mol/mol). This 
earner h*ia an nvcr a^ crushing strength of 8 MPa as measured by a minute compression tester. 
[0221 J I nis can »cf had a frequently appearing pore diameter {0^^) of 1 01 A measured by nitrogen adsorption method, 
a raiio of po»c di<-.mcief sr>ow ng 1/2 of a peak intensity of the most frequently appearing pore diameter (D„.,/2/D^) of 
0.83. A pore V jJLi-nc of pariicics Of less than 1 ,000 A was 0.43 cm^/g. 



20 (Preparation o* urtttiyi»i P't?pclymerization catalyst) 

[0222] A :r»rcc 'o^wcd fUsk r>aving a volume of 1 L was substituted with dry nitrogen, and 20 g of the above-obtained 
chemically lrcaie<3 smectite was olaced therein, and 116 mL of heptane was added thereto to prepare a slurry, and 25 
mmol of In n ocry .iium«ium was added thereto, and was stirred for 1 hour, and the resultant product was washed with 

25 heptane (washmq f.«to 1/100). and heptane was added thereto to adjust the total volume to 200 mL. 

[0223] On t^c oir>of rand in another flask (volume 200 mL), (dimethylsilylenebis(2-methyl-4-(p-chlorophenyl)-4H- 
azulenyOy.rccn.um jchiofide (218 mg, 0.3 mmol) was added to heptane containing 3% of toluene to obtain a slurry, 
and triisobuiyi Hk/mi-^um (3 mmol 4.26 mL of a heptane solution having a concentration of 145 mg/mL) was added 
thereto and ire rosunani mixiuro was stirred at room temperature for 60 minutes to react the mixture. 

30 [0224] The soiu»on inus obtained was introduced into a 1 L flask containing a slurry of the above-obtained chemk:ally 
treated smectite reacted with iri n-octyl aluminum, and the resultant mixture was stirred for 1 hour 
[0225] 213 mL of r>cplane containing 3% of toluene was added to the flask containing the above-obtained catalyst 
slurry before prepofyrncriyation, and the resultant slurry was introduced into a 1 L autoclave. 

[0226] Into the au:ooave. propylene was supplied at a rate of 10 g/hour for 4 hours, and prepolymerization was 
55 carried out by nvuniammg a temperature at 40*'C. Thereafter, the supplying of propylene was stopped, and an inner 
temperature was rai&ec to 50°C for 5 minutes, and remaining polymerization was carried out for further 2 hours. The 
catalyst slurry thus obtained was subjected to decantation to remove a supernatant liquid, and triisobutyl aluminum 
(12 mmol: 1 7 mL of a heptane solution having a concentration of 140 mg/mL) as a deactivation-preventing agent was 
added to the rcrrammg ponion. and the resultant mixture was stirred for 10 minutes. A solid obtained was dried at 
40 40'*C for 3 hours under a reduced pressure to obtain 68.4 g of a dry prepolymerization catalyst. A prepolymerization 
magnification (a vaice obtained by dividing a prepolymerlzed polymer amount by a solid catalyst amount) was 2.42. 
[0227] Catalyst particles before prepolymerization and catalyst particles after prepolymerization were subjected to 
fluorescence observation to lake their photographs, and were compared, and an H value was 28%. 

45 (Propylene-ethylene random polymerization) 



[0228] The same- procccurc in Example 1 was repeated, except that the above-obtained prepolymerizalion cat- 
alyst was used. As this result, a catalyst activity was 40,500 g-PP/g-catalyst-hour. and a polymer had a bulk density 
(BD) of 0.484 (g/cc ) an MFR value of 6.1 (dg/min) and a melting point of 1 25.9**C. and a agglomerated polymer amount 
50 was 1 .2%. 



EXAMPLE 5 

(Chemical treatment of lon-exchange layered silicate) 

55 

[0229] In a separable flask. 96% sulfuric acid (2,500 g) was added to 3.750 mL of pure water, and 1 ,000 g of com- 
mercially available monmorilhic (Benclay SL manufactured by f^lzusawa Industrial Chemicals, Ltd.) was added thereto, 
and was made into a slurry by stin-ing at 60®C. The slurry thus obtained was gradually heated to 90°C for 1 hour, and 
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was reacted at 90**C for 5 hours, and the reacted slurry was gradually cooled to room temperature for 1 .5 hours, and 
was washed with distilled water until a washing liquid (filtrate) became pH 3. A solid obtained was pre-dried at 130**C 
for 2 days in a nitrogen stream^ and was further dried at 20O'C for 6 hours under a reduced pressure to obtain 707.2 
g of chemically treated montmorillonlte. 
-5 [0230] The chemically treated montmbrilldnite thus obtained had a composition of Al: 5.21 wt%, Si: 38.9 wt%. Mg: 
0.80 w\%, Fe: 1.60 wt% and Na<0.2 wt%, and Al/Si=0.139 (mol/mol). 

[0231 ] The product had an average particle size of 24.5 lam, and an average crushing strength of optionally selected 
10 pieces of sphere-like particles was 7.6 MPa. Also, a pore volume was 0.42 cm^/g. The particles thus obtained had 
a most frequently appearing pore diameter (D^) of 90 A by nitrogen adsorption method and a ratio of a pore diameter 
10 showing 1/2 of a peak intensity of the most frequently appearing pore diameter (D^i/2^D^) of 0.76. 

(Preparation of catalyst/prepolymerization catalyst) 



[0232] In a glass -made reactor having an inner volume of 500 mL, 20.0 g of the above-obtained chemically treated 
15 montmorillonite (total pore volume 8.4 cm^) was weighed and placed therein, and 73.7 mL of heptane and 84.0 mL 
(50.0 mmol) of a heptane solution of triethyl aluminum were added thereto, and the resultant mixture was stirred at 
room temperature for 1 hour. Thereafter, the resultant product was washed with heptane, and a slun7 amount was 
finally adjusted to 200.0 mL. 

[0233] On the other hand, 4.26 mL (3003.58 jimol) of a heptane solution of triisobulyl aluminum was added to 87.2 
mL (300.37 p.mol) of a heptane solution of (r)-dimethylsilylenebis{l-[2-methyl-4-(4-chlorophenyI)-4H-a2ulenyl]}2irconi- 
um dichloride at room temperature and the mixture was stirred for 60 minutes. 

[0234] This complex solution was added to 20.0 g of the above-obtained montmorillonite treated with triethyl alumi- 
num, and the resultant mixture was stirred at room temperature for 60 minutes. Thereafter, the resultant mixed slurry 
was introduced into a Stirl ing system autoclave of inner volume of 1 L having 209 mL of heptane placed therein, and 

25 the resultant mixture was stirred. A temperature in the autoclave was stabilized at 40*C, and propylene was charged 
therein at a rate of 238.1 mmol/hr (constant rate of 10 g/hr) for 240 minutes. Thereafter, the temperature was raised 
to 50*C at a rate of 1**C/min, and was maintained for 2 hours, and the remaining gas was purged to recover a prepo- 
lymerization catalyst from the autoclave. The total time taken for the prepolymerization was 6 hours. The recovered 
catalyst slurry was allowed to stand, and a supernatant liquid was withdrawn. 17.02 mL (12.02 mmol) of a heptane 

30 solution of triisobutyl aluminum was added to the solid component remained at room temperature, and the resultant 
mixture was stirred at room temperature for 10 minutes, and was dried under a reduced pressure to recover 61 .8 g of 
a solid catalyst component. The solid catalyst component thus recovered was analyzed, and a prepolymerized propyl- 
ene weight was 39.4 g. 

[0235] Catalyst particles before prepolymerization and catalyst particles after prepolymerization were subjected to 
35 fluorescence observation to take their photographs, and were compared, and an H value was 29%. 

[0236] On the other hand, under the same conditions as in the above prepolymerization treatment, prepolymerization 
was initiated, and prepolymerization reaction was suspended at various points as shown in Table 6 (by adding ethanol 
to purge unreacted remaining gas), and a weight amount of polypropylene formed at the respective points was deter- 
mined to calculate a polymerization rate at the respective points. Also, a part of a polypropylene amount formed at the 
respective points was calculated from a propylene amount charged upto the respective points and a pressure and a 
temperature at the respective points without suspending the reaction. An amount of polypropylene formed was deter- 
mined from a charged propylene amount, from which a propylene amount in the gaseous phase and a propylene 
amount dissolved in heptane were deducted. The results are shown in Table 6. 

[0237] Table 6 shows a polypropylene-forming rate of 4 to 7 mg/min per 1 g of chemically treated montmorillonite 
45 during from 30 minutes to 1 hour after the initiation of charging propylene and also shows that a low level polypropylene - 
fomiing rate of 1 to 3 mg/g min was maintained after 1 hour The total pore volume of the montmorillonite used was 
8.4 cm^, which corresponds to about 9.3 g of a polypropylene amounL Thus, a time required for forming an amount of 
a prepolymerized polymer (about 9.3 g of polypropylene) corresponding to the total pore volume of the montmorillonite 
is about 210 minutes. In Table 1 , a polymer-forming rate (mg/g-min) is shown by a maximum value in the initial stage 
so of prepolymerization reaction. 

[0238] A prepolymerization pattem is illustrated in Fig. 4. 

(Propylene-ethylene random polymerization) 

55 [0239] The same procedure as in Example 1 was repeated, except that the above-obtained catalyst was used. As 
this result, an amount of a polymer obtained was 1 70.0 g, and a catalyst activity was 34,000 g-PP/g-catalyst hour and 
a polymer had a bulk density (BD) of 0.441 (g/cc). an MFR value of 10.81 (dg/min), an ethylene content of 3.81 wt% 
and a melting point of 126.5^0. The results are summarized in Table 1 and Table 2. 
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EXAMPLE 6 

(Propylene-ethylene random polymerization) 

[0240] The same procedure as in Example 1 was repeated, except that the prepolymerizatlon catalyst prepared in 
Example 2 was used and 15 g of ethylene and 34 cc of hydrogen were used. As this result, a catalyst activity was 
22,000 g-PP/g-catalysl-hour. and a polymer had a bulk density (BD) of 0.483 (g/cc), an MFR value of 6.8 (dg/min): and 
a melting point of 136.7°C. and a agglomerated polymer was not recognized. 

EXAMPLE 7 

(Chemical treatment of ion-exchange layered silicate) 

[0241 ] In a separable flask, 96% sulfuric acid (750 g) was added to 1 ,1 30 g of distilled water, and Benclay SL (average 
particle size 27 \im, 300 g) manufactured by Mizusawa Industrial Chemicals, Ltd. as an ion-exchange layered silicate 
(montmorillonite) was added iherelo, and the resultant mixture was reacted at 90°C for 390 minutes. Thereafter, the 
reaction product was washed with distilled water to pH 3. The solid obtained was pre-dried at 130°C for 2 days in a 
nitrogen stream, and coarse particles of at least 53 ^m were removed, and the product was further dried at 20O'*C in 
a nitrogen stream to obtain 140 g of chemically treated smectite. The chemically treated smectite thus obtained had a 
composition of Al: 4.6 wt%. Si; 41 .5 wt%, Mg: 0.60 wt%, Fe: 0.9 wt% and Na<0.2 wt%, and Al/Si=0.1 15 (mol/mol). This 
catalyst had an average crushing strength of 8 MPa as measured by a minute compression tester. This carrier particles 
had a most frequently appearing pore diameter (D^) of 101 A by nitrogen adsorption method and a ratio of a pore 
diameter showing 1/2 of a peak intensity of the most frequently appearing pore diameter (Dnii/2^'^m) 0.83. A pore 
volume of particles of less than 1 ,000 A was 0.43 cnrP/g. 

(Preparation of catalyst/prepolymerization catalyst) 

[0242] A three-forked flask having a volume of 1 L was substituted with dry nitrogen, and 20 g of the above-obtained 
chemically treated smectite was placed therein, and 1 1 6 mL of heptane was added thereto to prepare a slurry, and 25 
mmol of triethyl aluminum (84 mL of a heptane solution having a concentration of 68 mg/mL) was added thereto, and 
the resultant mixture was stirred for 1 hour and the resultant product was washed with heptane (washing rate: 1/100), 
and heptane was further added to adjust the total volume to 200 mL. 

[0243] Also, in another flask (volume 200 mL), (dimethylsilylenebis(2-methyl-4-(p-chlorophenyl)-4H-azulenyl))zirco- 
nium dichloride (21 8 mg; 0.3 mmol) was added to heptane containing 3% toluene to prepare a slurry, and triisobutyl 
aluminum (3 mmol: 4.26 mL of a heptane solution having a concentration of 145 mg/mL) was added thereto, and the 
resultant mixture was reacted at room temperature for 60 minutes while stirring. 

[0244] This solution was introduced into a 1 L flask containing the above-obtained slurry of cherhically treated smec- 
tite reacted with triethyl aluminum, and the resultant mixture was stirred for 1 hour. 

[0245] 213 mL of heptane containing 3% of toluene was added to the flask containing the above slurry, and this slurry 
was introduced into a 1 L autoclave. 

[0246] Into the autoclave, propylene was charged at a feeding rate of 1 0 g/hr at 40°C for 1 hour, and was then further 
charged at a feeding rate of 22 g/hr at 50°C for 3 hours to carry out prepolymerization. A supernatant liquid of a catalyst 
slurry obtained was removed by decantation, and triisobutyl aluminum (12 mmol: 17 mL of a heptane solution having 
a concentration of 1 40 mg/mL) as a deactivation-preventing agent was added to the remaining portion, and the resultant 
mixture was stirred for 1 0 minutes. A solid obtained was dried al 40°C for 3 hours under a reduced pressure to obtain 
106 g of a dry prepolymerization catalyst. A prepolymerization magnification (a value obtained by dividing a prepolym- 
erization polymer amount by a solid catalyst amount) was 4.30. 

[0247] Catalyst particles before prepolymerization and catalyst particles after prepolymerization were subjected to 
fluorescence observation to take their photographs, and were compared, and an H value was 24%. 

(Propylene-ethylene random polymerization) 

[0248] The same procedure as in Example 1 was repeated, except that the above-obtained prepolymerization cat- 
alyst was used, and 1 5 g of ethylene and 34 cc of hydrogen were used. As this result, a catalyst activity was 11 ,600 
g-PP/g-catalyst hour, and an MFR value of 5.9 (dg/min), and the obtained powder had a melting point of 136.2**C and 
a bulk density of 0.481 g/cc and had satisfactory powder properties. 
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(Propylene-ethylene random polymerization) 

^ [0249]' The same procedure as in Example 1 was repeated, except that the prepolymerizati on catalyst prepared in 
Example 4 was Lscd and 15 g of ethylene and 34 cc of hydrogen were used. As this result, a catalyst activity was 
12 300 g P=>/p-caiaiysl-hour. and a polymer had an MFR value of 5.3 (dg/min), a bulk density (BD) of 0.477 (g/cc), and 
a mc ting pDin: of 136.0**C. and had satisfactory powder properties. 

10 COMPARATIVE EXAMPLE 1 

(Chcmica! ircaimont of ion-exchange layered silicate) 

[0250] The srimo procedure as in Example 1 was repeated, except that 1 ,590 mL of distilled water, 318 g of mag- 
'5 nesium suflaie 7 hydrate 261 g of concentrated sulfuric acid (96%) and 240 g of montmorillonite were used, and a 
treating tm*iini/«in*nq} time was 8 hours. 

[0251 1 As in s rcsL« tno obtained polymers had a most frequently appearing pore diameter (O^) of 37 A by nitrogen 
adsorption mctnoa and a ratio of a pore diameter showing 1/2 of a peak intensity of the most frequently appearing pore 
diameic (D„, ^ D„ ? oi 0 97 (pore size distribution is illustrated in Fig. 3). A pore volume of particles of less than 1,000 
20 A was 0 43 cfTi^/tj ^mj h burfrtcc area by BET method was 326 m^/g. 

(preparation o* C/iirt!/sLprcpolymerization catalyst) 

[0252] The s-irrx: procedure as in Example 1 was repealed, except that the above chemically treated silicate was 
25 employed Ar, true rc&uH n prcpolymerization catalyst containing 1.71 g of polypropylene per 1 g of catalyst was ob- 
tained. 

[0253] Pancics t>ctofe prepolymerization and particles after prepolymerization were subjected to fluorescence ob- 
servation to \^kc thoif photographs, and were compared, and an H value was 91%. 

30 (Propylene-ethylene random polymerization) 

[0254] Polyoort/Miion was carried out in the same manner as in Example 1 , except that the above-obtained prepo- 
lymerization cainVsi wns used. As this result, a catalyst activity was 25,300 g-PP/g-catalyst-hour, and a polymer had 
a bulk density (BD) of 0 32 (g/cc), an MFR value of 9.3 (dg/min), and a melting point of 125.9**C, and a agglomerated 
35 polymer amount was QS°o. The results are shown in the following Tables 1 and 2. 

COMPARATIVE EXAMPLE 2 

(Chemical trcatmeni of lon-exchange layered silicate) 

40 

[0255] The same procedure as in Comparative Example 1 was repeated, except that the reaction was carried out 

at 90*'C for 5 hours The product was dried at 200°C in a nitrogen stream to obtain 1 64 g of a chemically treated silicate. 
The silicate thjs oDt.^mod had a composition of Al: 6.74 wt7o, Si: 37.0 wt%, Mg: 1.49 wt%, Fe: 1 .78 and Na<0.2 
wV/o, and AI/S= 0 i w (moUmol). 
^5 [0256] This caficr had an average crushing strength of 17 MPa. 

(Preparation of caintybt'prepoiymcrization catalyst) 

[0257] A catalyst slurry before prepolymerization was prepared in the same manner as in Example 7, except that 20 
50 g of the above-prepared chemically treated smectite and 10 mmol of thethyl aluminum were employed. 

[0258] Also, a solution prepared by reacting triisobutyl aluminum (3 mmol: 4.26 mL of a heptane solution having a 
concentration of 1 40 mg/mL) with a toluene 87 mL solution of dimethylsilylenebis(2-methyl-4-(4-chlorophenyl)-4H- 
azulenyl)zirconium Cichloride (0.3 mmol) was added to the above-prepared slurry. 

[0259] The above -prepared catalyst slurry before prepolymerization was introduced into a 1 L autoclave, and 210 
55 mL of heptane was added thereto, and propylene was supplied at 40**C for 2 hours at a feeding rate of 20 g/hr to carry 
out prepolymeri/aiion Thereafter the supplying of propylene was stopped, and remaining polymerization was carried 
out at 40°C for further 2 hours After removing a supernatant liquid of the above obtained catalyst slurry, triisobutyl 
aluminum (12 mmol 17 mL ol a heptane solution having a concentration of 140 mg/mL) as a deactivation-preventing 
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agent was added thereto, and the nnixture was stirred for 10 minutes. A solid obtained was dried for 3 hours under a 
reduced pressure to obtain 31.4 g of a dry prepolymerization catalyst. A prepolymerization magnification (a value 
obtained by dividing a prepolymerization polymer amount by a solid catalyst amount) was 0.57. 
[0260] The above catalyst particles before prepolymerization and catalyst particles after prepolymerization were 
5' subjected to fluorescence observation to take their photographs, and were compared, and an H value was 94%. 

(Propylene-ethylene random polymerization) 

[0261] Polymerization of propylene was carried out in the same manner as in Example 6, except that the above , 
'0 catalyst after prepolymerization was employed. The powder product thus obtained had a melting point of 1 34.9''C, and 
a bulk density of 0.376 g/cc, and its powder properties were unsatisfactory. 

COMPARATIVE EXAMPLE 3 

'5 (Chemical treatment of ion-exchange layered silicate) 

[0262] 100 9 of commercially available montmorillonite (Kunipia F, manufactured by Kunimine industries Co., Ltd.) 
puivcn/cd by a jet mill was dispersed in 385 mL of pure water having 133 g of magnesium sulfate 7 hydrate and 109 
g of sulfur tc Hcid dissolved, and the resultant mixture was reacted at 100**C for 2 hours, and was cooled to room 
^ lenipcfntuio This slurry was filtrated under a reduced pressure by an apparatus equipped with a Nutsche panel having 
rt diriTictcr of 18 cm and an aspirator connected with a suction bottle. The filtration was finished after 1 hour. A cake 
was fccovcfcc and was made into a slurry again with 3,000 mL of pure water, and washing was repeated 3 times. The 
lilifrit on time was increased in proportion to times of washing, and the final filtration took about 3 hours. The final 
w.i&hing liquid ((titrate) had a pH value of 3.47. 

,'».^ 

{GranuUiion of lon-exchange layered silicate) 

[0263] The ar>avc chemically treated and washed cake solid was made into a slurry having a concentration of 12 
wr by adding pyo water thereto, and the slurry thus prepared was stirred for 1 hour and was subjected to homogenizer 
M treatment for 10 minutes. A part of the slurry was recovered to measure a particle size, and the particle size was 5.1 
A ffaci on of oarticles of less than 1 jim was less than 0.1%. 
[0264] Tr^c chcmtcally treated montmorillonite slurry was spray-granulated by a spray-granulating apparatus (L-8) 
manufactured by Okawara Kakouki K.K. Slurry properties and operation conditions are illustrated below. 

(S urry properties: pH=2.84, slurry viscosity=30 CP and density=1 .081 g/cc; operation conditions: atomizer rota- 
35 ticn number 15 000 rpm, supplied liquid amount=0.7 L/hr, inlet temperature=196°C, outlet temperature=130**C and 
cyclone pressure difforence=60 mmHgO) 

[0265] As this result. 60 g of granules were recovered. The granules thus obtained had a bulk density (BD) of 0.46 
g/cc and an average particle size of 47.0 jim. and an average crushing strength measured by optionally selecting 10 
pieces cf sphcre-likc particles was 1 .2 MPa. Also, a pore volume was 0.48 cnrp/g. 

40 

(Preparation of catalyst) 



[0266] A catalyst was prepared in the same manner as in Example 5, except that 20.0 g of the above-obtained 
granulated s»licaio (total pore volume=9.6 cm^) was used and propylene was supplied at a feeding rate of 476.2 mmol/ 
hr (conslan! rale of 20 g/hr) for 120 minutes. As this result, 54.68 g of a solid catalyst component was recovered. The 
solid catalyst component thus obtained was analyzed, and a prepolymerized polypropylene weight amount was 32.3 g. 
[0267] Catalyst particles before prepolymeri/:alion and catalyst particles after prepolymerization were subjected to 
fluorescence observation to take their photographs, and were compared, and an H value was 28%. 
[0268] On the other hand, prepolymerization was initiated under the same conditions as in the above prepolymeri- 
zation treatment, and prepolymerization reaction was suspended (ethanol was added to purge an unreacted remaining 
gas) at respective points as shown in Table 6, and polypropylene amounts formed until the respective points were 
measured, and polymerization rates at the respective points wore calculated. The results are shown in the following 
Table 6. 

[0269] It was proved from Table 6 that a polypropylene-forming rate was 10 to 17 mg/min per 1 g of silicate during 
20 to 30 minutes after the initiation of feeding propylene, and thereafter the forming rate was maintained at a high level 
of from 6 to 11 mg/min. 

[0270] The used silicate had a total pore volume of 9.6 cm3 corresponding to 10.7 g of a polypropylene weight 
amount. Accordingly, a time required for fomiing a prepolymerized polymer (10.7 g of polypropylene) corresponding 
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the total pore volume of the silicate was about 50 minutes. 
[0271] The prepolymerization pattem is illustrated In Fig. 4. 

(Propylene-ethylene random copolymerization) 

^5 . .. : 

[0272] The same procedure as in Example 1 was repeated, except that the above prepolymerization catalyst was 
used. As this result, the propylene-ethylene copolymer thus obtained was 55.0 g. A catalyst activity was 11 ,000 g-pp/ 
g-catalyst hour, and a copolymer had a polymer bulk density (BD) of 0.365 (g/cc), an MFR value of 3.41 (dg/min), an 
ethylene content of 3.86 wt% and a melting point of 125.9**C. The results are summarized in the following Table 1 and 

10 Table 2. 

COMPARATIVE EXAMPLE 4 
(Preparation of catalyst) 

15 

[0273] A catalyst was prepared in the same manner as in Comparative Example 2, except that a prepolymerization 
temperature was 60*^0. As this result, a catalyst having a prepolymerization magnification (a value obtained by dividing 
a prepolymerized polymer amount by a solid catalyst amount) of 2.07 was obtained. 

[0274] Catalyst particles before prepolymerization and catalyst particles after prepolymerization were subjected to 
20 (lucres'^ -^nce observation to take their photographs, and were compared, and an H value was 89%. 

(Propylene-ethylene random copolymerization) 

[0275] The same procedure as in Example 1 was repeated, except that the above prepolymerization catalyst was 
25 used. As this result, a catalyst activity was 36,000 g-pp/g-catalyst hour, and the polymer thus obtained had a polyrner 
bulk density (BD) of 0.33 (g/cc), an MFR value of 8.2 (dg/min), and a melting point of .127.0**C. 

EXAMPLE 9 

30 (Preparation of catalyst/prepolymerization catalyst) 

[0276] The same procedure as in example 2 was repeated, except that propylene was supplied at a rate of 100 g/ 
hr for 4 hours at the time of prepolymerization. As this result, a prepolymerization catalyst containing 2.25 g of poly- 
propylene per 1 g of a catalyst was obtained. 

35 [0277] Catalyst particles before prepolymerization and catalyst particles after prepolymerization were subjected to 
fluorescence observation to take their photographs, and were compared, and an H value was 15%. 
[0278] It was proved from Table 6 that a poiypropylene-fomning rate per 1 g of chemically treated montmorillonite 
was from 1 to 5 mg/min during 30 minutes to 1 hour after the initiation of feeding propylene, and thereafter the forming 
rate was maintained at a low level of from 2 to 3 mg/min after 1 hour. Accordingly, a time required for forming a pre- 

40 polymerized polymer in an amount of corresponding to the total pore volume of the montmorillonite was about 120 
minutes. Also, Table 1 shows that a polymer-forming rate (mg/g min) indcated a maximum value in the initial stage of 
prepolymerization reaction. The prepolymerization pattern is illustrated in Fig. 4, 

(Propylene-ethylene random polymerization) 

45 

[0279] A propylene-ethylene copolymer was continuously produced in accordance with a process provided with a 
bulk polymerization lank system comprising a liquid phase polymerization tank of an internal volume of 400 L equipped 
with a stirrer, a slurry-circulating pump and a circulating line, a degassing system comprising a double tube system 
heat exchanger and a flow flash tank, and a screw feeder type drier having an inner diameter of 115 mm and a length 

so of 2.0 m and equipped with a paddle vane having a diameter of 11 0 mm and also equipped with a jacket in the outside. 
[0280] The above prepared prepolymerization catalyst was dispersed in liquid paraffin (Whitelex 335 manufactured 
by Tonen K.K.) so as to make a concentration of 20 wt%, and a catalyst was introduced in an amount of 0.42 g/hr as 
a catalyst component. Into this reactor 78 kg/hr of liquid propylene, 2.4 kg/hr of ethylene, 0.46 g/hr of hydrogen and 
56.8 g/hr of triisobutyl aluminum were continuously supplied, and polymerization was carried out by maintaining an 

55 internal temperature at 65**C, As this result, a propylene-ethylene random copolymer having quite satisfactory powder 
properties was obtained in an amount of 22.0 kg/hr. A catalyst activity was 52.400 g-pp/g-catalyst, and an activity per 
1 hour was 40,300 g-pp/g-catalyst- hour. 

[0281] The polymer powder thus obtained and the inside of the reactor were checked, but agglomeration of the 
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polymer powders and deposition or adhesion of the polymer powders onto the reactor were not observed at ail. The 
polymer powder thus obtained had MFR=7.9. Tm=125.1°C and polymer BD=0.484 g/cc. The results are summarized 
in the following Table 3. 

5- EXAMPLE 10 

(Propylene-ethylene random copolymerization) 

[0282] Polymerization was carried out in the same manner as in Example 9, except that 0.84 g/hr of the prepolym- 
10 erization catalyst as a catalyst component, 1.30 kg/hr of ethylene, 0.30 g/hr of hydrogen and 58.0 g/hr of triisobutyl 
aluminum were supplied and a polymerization temperature of 70*C was used, and a propylene-ethylene random co- 
polymer having excellent powder properties was obtained in an amount of 23.2 kg/hr. A catalyst activity was 27,600 
g-pp/g-catalyst, and an activity per 1 hour was 21,200 g-pp/g-catalyst-hour. 

[0283] The polymer powder thus obtained and the inside of the reactor were checked, but agglomeration of the 
15 polymer powders and deposition or adhesion of the polymer powders onto the reactor were not observed at all. The 
polymer powder thus obtained had MFR=7.4, Tm=133.9°C and polymer BD=0.489 g/cc. The results are summarized 
In the following Table 3. 

EXAMPLE 11 

20 

(1) Chemical treatment of clay mineral 

[0284] In a 2 L flask, 200 g of commercially available swellable montmorillonite ("Benclay SL", manufactured by 
Mizusawa Industrial Chemicals, Ltd.) was dispersed in a mixture solution of 1 ,019 g of desalted water, 124 g of 98% 
25 sulfuric acid and 96 g of titanium sulfate, and the resultant mixture was stirred at 90**C for 10 hours. The resultant 
product was filtrated and washed with desalted water to pH 3.5. 

(2) Drying of clay mineral 

30 [0285] A water-containing solid cake obtained In the above paragraph (1) was pre-dried at 110*»C for 10 hours to 
obtain titanium salt-treated montmorillonite. Among the pre-dried montmorillonite, particles passed through a 150 mesh 
were further dried under a reduced pressure at 200*'C for 2 hours. This carrier had an average crushing strength of 14 
MPa as measured by a minute conhpression tester. 

35 (3) Organic aluminum compound treatment of salt-treated montmorillonite 

[0286] 100 g of the dry montmorillonite particles obtained in the above paragraph (2) was placed in a 3 L flask under 
a nitrogen atmosphere, and was dispersed in 118 mL of n-heptane. Further, 483 mL of a n-heptane solution of triethyl 
aluminum (concentration 0.622 mol/L) was added thereto at room temperature with stirring, and the mixture was reacted 
40 for 1 hour, and the resultant product was subjected to settling separation to remove 400 mL of a supernatant liquid. 
Thereafter, 400 mL of n-heptane was added thereto, and the mixture was stirred for 10 minutes, and the resultant 
product was subjected to settling separation and was subjected to washing steps three times to remove 400 mL of a 
supernatant liquid. 

45 (4) Catalyst preparation 

[0287] 1 .3 L of n-heplane and 12.0 mmol (5.90 g) of bis(n-bulylcyclopenladienyl)hafnium dichloride were dispersed 
in 2.0 L of n-heptane in a 10 L reactor equipped with a dielectric stirrer under a nitrogen atmosphere, and the mixture 
was stirred at 75^C for 10 minutes. Further, 96.0 mmol (10.96 g) of triethyl aluminum was added thereto, and the 
50 resultant mixture was further stirred for 1 0 minutes. Thereafter, while maintaining the temperature, a slurry dispersion 
of 0.90 L of n-heptane and 1 00 g of the organic aluminum compound-treated montmorillonite obtained in the above 
paragraph (3) was introduced into the reactor, and the resultant mixture was stirred for 10 minutes. 

(5) Prepolymerizalion and drying 

55 

[0288] The temperature of the reaction system of the above paragraph (4) was adjusted to 80°C, and an ethylene 
gas was introduced at a rate of 10.0 NLVmin for 75 minutes to carry out prepolymerization. The supplying of ethylene 
was stopped, and the ethylene gas in the reactor was substituted with nitrogen. The above-obtained prepolymerization 
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catalyst slurry was washed with n-heptane until the product of a washing rate becomes 1/8.6. The above-obtained 
prepolymerization catalyst slurry was placed in a 15 L tank type vibrating system vacuum drier equipped with a steam 
jacket for conducting heat, and 4 L of heptane was then added into the reactor, and all of the contents remaining in 
the reactor were transferred to the drier. After allowing to stand to remove about 5 L of supernatant liquid, 56 mmol 

.5 (11 .11 g) of triisobutyl aluminum was added thereto at room temperature, and 11 .2 mmol (5.50 g) of a solid powder of 
bis(n-butylcyclopentadienyl)hafnium dichloride was then added thereto, and was dissolved by shaking at 40*^0 for 10 
minutes. After continuing the shaking for 10 minutes, the resultant mixture was subjected to drying under a reduced 
pressure at 70**C to distill the solvent off. While maintaining the temperature, after visually recognizing that the solvent 
was substantially distilled off, drying under a reduced pressure was carried out for 2 hours, and as this result, 1 ,016 g 

10 of a prepolymerization catalyst powder was recovered. 

(6) Prepolymerization and drying 

[0289] 900 g of a prepolymerization catalyst powder obtained in the paragraph (5) was Introduced into the reactor 
15 ol the above paragraph (4) under a nitrogen atmosphere, and was made into a slurry again with 4.2 L of n-heptane. 
Attor adjusting an inner temperature to ZS^'C. 96.0 mmol (10.96 g) of triethyl aluminum was added thereto and the 
resulian: mixture was stirred for 10 minutes. After adjusting the temperature In the system to 80*C, an ethylene gas 
was iniroduced ai a rate of 10.0 NL/min for 75 minutes to carry out prepolymerization. The supplying of ethylene was 
slopped HHd ihe elhylene gas in the reader was substituted with nitrogen. The prepolymerization catalyst slurry thus 
obtrti'ied wrt?. placed in the drier used in the above paragraph (5), and 4 L of heptane was then added to the reactor 
to transfer. all of the contents remaining in the reactor into the drier. After allowing to stand to remove about 5 L of a 
supcnatani hquid, drying under a reduced pressure was carried out at 70°C to distill a solvent off. While maintaining 
the icmpcraiure. after visually recognizing that the solvent was substantially distilled off, drying under a reduced pres- 
sure w<is earned out for 2 hours, and as this result, 1 ,851 g of a prepolymerization catalyst powder was recovered. 

(7) Observation of catalyst by fluorescence microscope 

(0290) Tho catalyst particles before prepolymerization of the above paragraph (4) and the catalyst particles after 
propoiymon/ation of the above paragraph (6) were subjected to fluorescence observation to take their photographs,. 
30 ard were compared and among the catalyst after prepolymerization, a proportion of a nunrrber of particles having a 
fiLorcsconcc density not lovyer than the fluorescence density of the particles before prepolymerization (H value) was 

(8) E-hytcno-1-bulene copolymerization 

35 

[0291 1 Gas phase copolymerization of ethylene-1 -butene was carried out by using the prepolymerization catalyst of 
the aoovc paragraph (6). Thus, 517 mg/hr of the prepolymerization catalyst powder obtained in the above paragraph 
(6) 100 mg/hr of triisobutyl aluminum and 68 mg/hr of diethyl aluminum ethoxide were intermittently supplied into a 
ccnl(nuous type gas phase polymerization reactor in which a mixture gas of ethylene, butene and hydrogen (butene/ 
-^o cinylcno^ 1 .8*^o. hydrogen/ethylene=0.038%) is circulated. Polymerization reaction conditions were 90°C, an ethylene 
partial pressure of 18 kg/crn^, an average production amount of polymer of 292 g/hr, and an average retention time of 
4.1 hours. 

(9) Blending of additives 

45 

[0292] The following antioxidant and neutralizing agent were blended with the above obtained ethylene-a-olefin co- 
polymer as additives, and the blended product was kneaded and granulated by a monoaxial extruder having an aperture 
diameter of 20 mm. 

50 Anti-oxidant: 1,000 ppm of octadecyl-3-(3,5-t-butyl-4-hydroxyphenyl)propionate (Irganox 1076 manufactured by 

Chiba Speciality Chemicals Company); 700 ppm of tetrakis(2,4-di-butylphenyl)4,4-biphenylene-diphosphite 
(PEPQ manufactured by Clariant K.K.) 

Neutralizing agent: 300 ppm of calcium stearate (CaSt (B.K) manufactured by Nitto Kasei Co., Ltd.) 

55 (10) Film formation and evaluation 

[0293] Blown-film molding was carried out under the following operation conditions by using a monoaxial extruder 
having an aperture diameter of 30 mm. 
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Screw: aperture diameter 30 mm. L/D=25, full flight type 
Screw rotation number: about 270 rpm 

Dye: spiral mandrel die, aperture diameter 25 mm, Hp width 2.0 mm 
Resin temperature: 180°C 
5 Film size: folding diameter 78 mm, thickness 20 ^im 

[0294] The film thus obtained was visually observed, and a number of fish eyes having a size of a long diameter of 
at least 0.1 mm was calculated per 1 g of film was measured to be 7.8 pieces/g. The results are summarized in the 
following Table 4 and Table 5. 

10 

COMPARATIVE EXAMPLE 5 

[0295] Catalyst observation by a fluorescence microscope, ethylene-1-butene copolymerization, blending of addi- 
tives, and film formation and evaluation were carried out in the same manner as in Example 11 (7), (8), (9) and (10) 
15 by using the prepolymerization catalyst powder obtained in Example 1 1 (5). The results are summarized in the following 
Table 4 and Table 5. 

EXAMPLE 12 

20 (1) Acid treatment of clay mineral 

[0296] 200 g of commercially available swellable montmorillonite ("Benclay SL", manufactured by Mizusawa Indus- 
trial Chemicals, Ltd.) was dispersed in 800 g of 25% sulfuric acid, and the resultant mixture was stirred at 90^C for 2 
hours. The resultant product was filtrated and washed with desalted water. 

25 

(2) Salt treatment and drying of clay mineral 

[0297] All the sulfuric acid-treated montmorillonite cake obtained in the above paragraph (1) was dispersed in 1 ,276 
g of a commercially available titanyl sulfate aqueous solution (containing 7.5% of TiOg and 25.6% of SO^^, manufactured 
30 by Sakai Chemical Industry Co.. Ltd.), and the resultant dispersion was stirred at30**C for 3 hours. The resultant product 
was filtrated and washed with desalted water to pH 3.5, and a water-containing solid cake obtained was pre-dried at 
110°C for 10 hours to obtain titanium salt-treated montmorillonite. Among the pre-dried montmorillonite, particles 
passed through a 150 mesh sieve were further dried under a reduced pressure at 200°C for 2 hours. This carrier had 
an average crushing strength of 1 8 MPa as measured by a minute compression tester. 

35 

(3) Preparation of catalyst 

[0298] 2.41 Lof n-heplane and a slurry dispersion of 0.90 L of n-heptaneand 1 00 g of the dry montmorillonite obtained 
in the above paragraph (2) were introduced into a 10 L reactor equipped with a dielectric stirrer under a nitrogen 
40 atmosphere. A temperature in the system was adjusted to 30°C, 24.0 mmol (11.8 g) of bis(n-butylcyclopentadienyl) 
hafnium dichloride was dispersed in 0.9 L of n-heptane, and 96.0 mmol (1 0.96 g) of triethyl aluminum was immediately 
added thereto, and the temperature in the system was raised to 40°C. The resultant mixture was further stirred for 60 
minutes, and was cooled to 30°C and was washed with n-heptane until a washing rate of 1/69. 

45 (4) Prepolymerization 

[0299] N-heplane was added to the catalyst slurry obtained in the above paragraph (3) to make a liquid amount of 
4.21 L, and 96.0 mmol (1 0.96 g) of triethyl aluminum was added thereto at 30**C, and the temperature was immediately 
raised to 75°C, and the mixture was stirred for further 10 minutes. Thereafter, the temperature in the system was 
50 adjusted to 80°C, and an ethylene gas was introduced at a rate of 1 0.0 NL/min for 80 minutes to carry out prepolym- 
erization. The supplying of ethylene was stopped, and the ethylene gas in the reactor was substituted with nitrogen. 

(5) Drying of prepolymerization catalyst 

55 [0300] All the prepolymerization catalyst slurry obtained In the above paragraph (4) was transferred into a dryer used 
in Example 1 1 (5) under a nitrogen atmosphere. 4 L of heptane was added to the reactor, and all the contents remaining 
in the reactor were transferred into a drier. The prepolymerization catalyst slurry transferred into the reactor was allowed 
to stand to remove about 5 L of a supernatant liquid, and drying under a reduced pressure was carried out at 70°C to 
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distil a solvent off. While maintaining the temperature, it was visually recognized that the solvent was substantially 
distilled off, and drying under a reduced pressure was then carried out for 2 hours, and as this result. 982 g of a 
prepolymerization catalyst powder was recovered. 

^5 (6) Ethylene- 1 -hexene copolymerlzation 

[0301] Gas phase copolymerization of ethylene and 1-hexene was carried out by using the prepolymerization catalyst 
of the above paragraph (5). Thus, 366 mg/hr of the prepolymerization catalyst powder obtained in the above paragraph 
(6), 100 mg/hr of triisobutyl aluminum and 68 mg/hr of diethyl aluminum ethoxide were intermittently supplied into a 
10 continuous type gas phase polymerization reactor in which a mixture gas of ethylene, hexene and hydrogen (hexene/ 
ethylene=1.2%, hydrogen/ethylene=0.03e%) is circulated. Polymerization reaction conditions were 9P**C, an ethylene 
partial pressure of 18 kg/cm2, an average production amount of polymer of 265 g/hr, and an average retention time of 
4.5 hours 

15 (7) Evaluation 

[0302] Observation of a catalyst by a fluorescence microscope, blending of additives, film formation and evaluation 
were carried out in the same manner as in Example 11 (7), (9) and (10). The results are summarized In the following 
Table 4 and Table 5. 

20 

COMPARATIVE EXAMPLE 6 

(1) Preparation of catalyst 

25 [0303] 2.41 Lof n-heptane and a slurry dispersion of 0.90 L of n-heptane and 100 got the dry montmorillonite obtained 
in Example 12 (2) were introduced into a 10 L reactor equipped with a dielectric stirrer under a nitrogen atmosphere. 
The temperature in the system was adjusted to 30°C, and 24.0 mmol (11 .8 g) of bis(n-butylcyclopentadieny!)hafntum 
dichloride was dispersed in 0.9 € of n-heptane, and 96.0 mmol (10.96 g) of triethyl aluminum was immediately added 
thereto, and the temperature in the system was raised to 75**C, and the resultant mixture was stirred for further 10 

30 minutes. 

(2) Prepolymerization 

[0304] The temperature in the system of the above paragraph (1) was adjusted to 80**C, an ethylene gas was intro- 
35 duced at a rate of 1 0.0 NL/min for 80 minutes to carry out prepolymerization. The supplying of ethylene was stopped, 
and the ethylene gas in the reactor was substituted with nitrogen. The temperature in the system was cooled to SO^C, 
and the resultant product was washed with n-heptane until a washing rate of 1/69. Drying of the prepolymerization 
catalyst was carried out in the same manner as in Example 12 (5) to recover 783 g of a prepolymerization catalyst 
powder 

40 

(3) Evaluation 

[0305] Ethylene-1 -hexene copolymerization, observation of a catalyst by a fluorescence microscope, blending of 
additives, film formation and evaluation were carried out in the same manner as in Example 12 (6) and Example 11 
•^^ (7): (9) and (10). The results are summarized in the following Table 4 and Table 5. 
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INDl STRIA! APPLICABILITY (EFFECT OF THE INVENTION) 



[0306] According to the present invention, a polymer having excellent particle properties can be obtained at a high 
activity rtnd h\ h low cost. Particularly, in the production of a low melting point polymer which has been considered to 
3 be dii cull bcotusc of causing fouling, agglomeration of polymer particles and adhesion or deposition of a polymer to 
a fcaciof can t>c prevented in the present invention. Also, since a bulk density of a polymer is improved, a continuous 
stable operation can be easily made on an industrial scale, and productivity can be improved. 

[0307] Also the present invention solves such problems that fine powders are produced since catalyst particles and 
polymer particles easily collapse in case of particles having a too low carrier strength, and also solves such problems 
10 that f nc powders arc produced since growth of particles is non-uniform in prepolymerization in case of particles having 
a too hign car-icr strength and that unpulverized carrier nuclei remained in catalyst particles produce fish eyes and 
gels whch make an outer appearance of a product poor. 

[03081 Further by using a catalyst component or a catalyst of the present invention, it is possible to produce a low 
melting pom polymer efficiently and stably even at a higher polymerization temperature than in conventional cases. 
15 [0309] 1 he entire disclosures of Japanese Patent Application No. 2000-277640 filed on September 13, 2000, Jap- 
anese Patent Apcication No. 2001 -07541 2 filed on March 1 6, 2001 and Japanese Patent Application No. 2001 -1 09549 
filed on Apru c, ^,J^;)^ in-iuding specifications, claims, drawings and summaries are incorporated herein by reference 
in its entirc y 

20 

Claims 

1. A catcii/st component for olefin polymerization, which comprises an ion-exchange layered silicate having the fol- 
lowing features 1 and 2 

25 

feature i m a pore si/o distribution curve calculated from desorption Isotherm by nitrogen adsorption -desorp- 
tion rrctr^od a pore diameter showing a maximum peak intensity D^m 's from 60 to 200 A; and 
feaiurr ? in a pore size distribution curve calculated from desorption isotherm by nitrogen adsorption-desorp- 
tion rrrttiod a poro diameter (A) on the smaller pore size side corresponding to a 1/2 peak intensity of 

30 the maKtfnum peak intensity D^^ has a relation.of D^^/g/D^ of at least 0.65 and less than 1 . provided that the 

largest value ts employed when there are a plurality of Dm 1/2 values. 

2. The cataJyst component for olefin polymerization according to_ Claim 1 , the ion-exchange layered silicate further 
has the following feature 3: 

35 

feature 3 the lon-cxchange layered silicate has an average crushing strength of at least 3 MPa as measured 
by a nmutc compression tester. 

3. The catalyst component for olefin polymerization according to Claim 1 or 2, wherein the ion-exchange layered 
40 silicate is treated with an organic aluminum compound having an alkyi group having at least 4 carbon atoms. 

4. The catalyst compcncnl for olefin polymerization according to any one of Claims 1 to 3, wherein the ion-exchange 
layered siitcaie ts obtained by the following steps 1 and 2: 

step 1 attcr granutaitng. the ion-exchange layered silicate is treated with an acid having an acid concentration 
(N) satisfying (he lollowing formula (t), 

N^6.0 (Formula I) 

50 

wherein the acid concentration N is expressed by acid mol number H acid valence number / acid aqueous 
solution volume (unit: liter); and 

step 2: after the above step 1 , the ion>exchange layered silicate is treated with an organic aluminum compound 
having an a'kyi group having at least 4 carbon atoms. 

55 

5. The catalyst component for olefin polymerization according to any one of Claims 1 to 4, wherein the ion-exchange 
layered silicate is a smectite group silicate. 
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6. A catalyst for olefin polymerization having the following features 3 and 4, which is formed into a prepolymerization 
catalyst by contacting a metallocene catalyst supported on an ion-exchange layered silicate with olefin: 

feature 3: the ion-exchange layered silicate has an average crushing strength of at least 3 MPa as measured 
by a minute compression tester; and 

feature 4: a prepolymerization homogenization index (H-Value) obtained from fluorescent observation results 
of each of catalyst particles before prepolymerization and after the prepolymerization is at most 60%. 

7. The catalyst for olefin polymerization according to Claim 6, wherein an ion-exchange layered silicate as defined 
in Claims 1 to 5 is used. 

8. A catalyst for olefin polymerization, which is a prepolymerization catalyst obtained by contacting a metallocene 
catalyst supported on an ion-exchange layered silicate with olefin, wherein (b) a polymer-forming rate is maintained 
at most 10 mg/min per 1 g of the ion-exchange layered silicate (a) until a prepolymerization polymer is fomned in 
an amount corresponding to a pore volume of the ion-exchange layered silicate. 

9. A caialysi for olefin polymerization which Is a prepolymerization catalyst obtained by contacting a metallocene 
caiaiysl supported on an ion-exchange layered silicate as defined in Claim 1 with olefin, wherein (b) a polymer- 
forming rale is maintained at most 10 mg/min per 1 g of the ion-exchange layered silicate (a) until a prepolymer- 
i/rtiion polymer is formed in an amount corresponding to a pore volume of the ion-exchange layered silicate. 

10- A cal<^^yst for olefin polymerization, which is a prepolymerization catalyst obtained by contacting a metallocene 
Cciir:»yst supported on an ion-exchange layered silicate as defined in Claim 1 with olefin, wherein (a) a newmet- 
iUioccnc complex and (b) an organic aluminum compound optionally used are contacted with (c) a metallocene 
CHi.iiysi supported on the ion-exchange layered silicate, provided that the metallocene complex (a) may be the 
sarrc or different from the metallocene complex already supported. 

11. A r*4iHVsl for olefin polymerization, which is a prepolymerization catalyst obtained by contacting a metallocene 
CHirtiy!^* supported on an ion-exchange layered silicate as defined in Claim 1 with olefin, wherein (a) the ion-ex- 
changc iH/crcd silicate is contacted with a metallocene complex for at least 30 minutes, (b) a material obtained 
ty the abcvc contact operation (a) is washed with a slurry of a liquefied a-olefin or inner inert hydrocarbon solvent, 
and (c) olefin prepolymerization is carried out by using a material obtained by the above washing operation (b). 

12. A process for producing polyolefin, which comprises polymerizing olefin by using a catalyst comprising a metal- 
locene compound and a catalyst component for olefin polymerization as defined in Claim 1 . 

1 3. A process for producing polyolefin, which comprises polymerizing olefin by using a catalyst for olefin polymerization 
as ccfincd in Claim 6. 

1 4. A process for producing polyolefin , which comprises polymerizing olefin by using a catalyst for olefin polymerization 
as ccfincd in Claim 8. 
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